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u^^^O^ PREFACE- 



The following work is submitted to the Engineers and 
Meobatiiotf of tb» United States by one of their number, 
^ho tmai^ that it wiU be found a convenient summary, for 
•jfeiereQC^ to Tables, Results, and Rules connected with 
-the dischaige of their various duties. 

The Tables have been selected from the latest and best 
publications, and information has been sought from various 
-^^wcft^ to render it useful to the Operative Engineer, Me- 
• chanicf, or Student* 

The want ^ a work of tbb description in this country 

. has long be^n felt, and this is peculiarly £tted to supply 

that want, ini consequence of the adaptation of its rules to 

the metals, woods, and manufactures of the United States. 

Having for many years experienced inconvenience for 
the want of a compilation of tables and rules by a Prac* 
tical Mechanic, together with the total absence of units for 
the weights and strengths of American materials, I was in* 
duced to attempt the labour of a compilation and the neces^ 
sary experiments to furnish this work. 

The proportions of the parts of the steam-engine and boilers 

will be found to differ in most instances materially from the 

English authorities ; but as they are based upon the actual 

results of the most successful experience, I do not hesitate 

to put them forth, being well assured that an adherence to 

them will ensure both success and satisfaction. 
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PREFACE. 



The sources of information from which I have principally 
compiled are Adcock, Orier, Gregory, jhe Library of Use- 
ful Knowledge, and the Ordnance Manual ; and to the la« 
hours of the authors of these valuable works I freely ac- 
knowledge my indebtedness. 

In my own efforts, I liave been materially assisted^by the 
officers of the West Point Foundry Association, who libei^ 
ally furnished me with the means of making such expeii^ 
ments as were considered necessary, and to &e Engineet 
of that establishment, Mr. B. H. Bartol, I am indebted for 
much valuable information and assistance. 

To the Young Engineer I would say, cultivate a kiM^wi- 
edge of physical laws, without which, eminence in his pro- 
fession can never be securely attained ; and if this vokime 
should assist hiiii in the attainment of so desirable a resufi, 
' the object of the author will be fhlly accomplished. 



We have seen a copy of Ha8WEIil'» Bngineeb^' 
iND Mechanics' Pocket Book, and approve of its de- 
sign : a work of this description has long been wanted, 
and we are convinced of its usefulness and applica- 
tion, which iA extent exceeds that of any work of its 
class with which we are acquainted. 

. . .GouysRNEUK Kemblk,\ 

William Kbh bls, I West PoiiU Foundry 
EoBEKT P. Parrott, f Assoctatum, N. Y. 

B. H. Bartol, J 

C. E. Detiiolb. \ CitU Engineer*. 

Wk. Mawadie., ^Ca^fiin Ordnance Ccrpe, 

Hooo & Delahateb, TJMriit Foundtyt N. Y. 
SnLLMAN&Co.» Novdtyy\^orks,N,Y. 

T. F. S.COB & Co.. S^^^n^^f^^anufiu> 
' ( turers, ri. Y, 

Brown it, Brll, \ at • t 'u nr v 

Smith ^ Dimom, \ >5fMm/<«.r*, N.Y, 

McuicK Sl Towke i ^<^*««»»'* Foundry, 

MERRICK & 1 OWNS, ^ . p^,^^^^,^ 

William J. Totten, ) Sieam'Engiut Manufac- 
Joseph T0HLIN8ON, )* turert, PitUhurgh, Ftnn, 
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NOTATION. 



1 

2 
3 
4 
6 

6: 

7: 

8: 

9: 

.10: 

20: 

30: 

40: 

60 

60: 

70: 

80: 

90 
100; 



:I. 
:IL 

:V. 
:VI. 
Til. 

:vm. 

IX. 
:X. 
:XX. 
:XXX. 
:XL, 
:L. 
:LX. 
:LXX. 
:LXXX. 

:xe. 

:Cf 



600 = D, or 10. 
l,000=a:M,orCIO. 



( A« often as a character is repeated, 
< 80 many times is its value repeated. 

J A less character before a greater 
diminishes its value, as IV = I from 
V, or 1 subtracted from 6 = 4. 

t A less character after a greater in- 
i creases its value, as XI =r X-fl, or 
( 10+1 = 11. 



2,000= MM. 
6,000 =T, or 100. 
6.000=?!. 
10,000 =X, or CCtOO. 

60,000 3=: X.X. 

100,000 = C, or CCCIOOO. 
1,000,000 =H; or CCCCIOOOO. 
8,000,000 :=Wl. 

EtAMjLBS.— .1840, MDCCCXL. 
18660, XVIIIDLX. 



t For every annexed, this he* 
< comes 10 times as many. 

JFor eveiy and 0, placed one at 
each end, it becomes 10 timses as 
saaay* 



A bar, thw — , over any 
^number, increases it 1000 
times. 



12 EXPLANATION OF CHARACTERS. 



EXPLANATIONS OF THE CHi^RACTERS USED IN THE FOLLOWING 

TABLES AND CALCULATIONS. 

= Equal to, as, 12 inches = 1 foot, or 8x8 = 16x4. 

+ Plus, or more, signifies addition ; as, 4+6+5 = 15. 

— Minus, or kss, sigqifies sjubtraction ; ^s, 15 — 5 = 10. 

X Multiplied by, or into, signifies multiplication ; as, 8x9=73. 

-r- Divided by, signifies division ; as, 72-^9 = 8. 

' o^ ^« {proportion ; as, 2 : 4 : : 8 : 16 ; that is, as 2 t« /o 4 «o w 8 

y/ Prefixed to any number signifies that the square root of that 
, number is required; as, v^ 16 =4; that is, 4x43= 16. 

^ Signifies that the cube root of that number is required ; as, 
-^64 = 4; that is, 4x4x4 = 64. 
. ' added to a number signifies that that number is to be squared; 
thus, 4', means that 4 is to be multiplied by 4. 

' added to a number signifies that that number is to be cubed; 
thus, 4', is = 4 X 4 X 4 = 64. The power^ or number of times 
a number is to be multiplied by itself is shown by the num- 
ber added ; as, * ^ 4 s^ &c. 

"^ The bar si gnifies that the numbers are to be taken together ; 

as, 8—2+6 = 12, or 3x6+3'= 24. 
. Decimal point, signifies when prefixed to a number, that that 
number has a unit (1) for its denominator ; as, .1 is ^, .155 
Js 4^, &c. 
- </> Signifies difference, and is placed between two quantities when 
it is not evident which of them is thie greater. 
** Degrees, 'minutes, ^^ seeonds, '" thirds, 
< Signifies angle. 

a — ^, a — ', a — ', 6lc,, denoteLmTerse powers of a, and are equal 
^111. • 

a* a* a^ 
7 Is put between two quantities to express that the fonner is 

greater than the latter ; as, a 7 6, reads a greater than b. 
' L Signifies the reverse; as, a Lb, reads a less than h. 
( ) Parentheses are used to show that all tlie figures within them 

are to be operated upon as if they were only one \ thus, 

(3+2)x5 = 25. 
. p is used to express the ratio of the circumference of a cirde to 

its diameter = 3.1415926, <Scc. 
A A' A" Af" signifies A, A prime, A second, A thifd, &c. 
axd, a.d, or ad, signifies that a is to be multiplied by d. 



Note. The degrees of temperature used in this work are those of 
Fahrenheit. 
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UNITED STATES' WEIGHTS AND MEASURES. 



Measures of Length. 

bdw*. THt TudL B«<a. Tial 

36= 3. 

198 = l^k =«= 5J. 
7920= 660 .= 220 = 40. 
63360 = 5280 =1760 =320=8. 

The inch is sometimes divided into 3 ktrUy e^tiUf or 12 lines. 
A hair's breadth is the 48th of an ineh. 



12 inches 


= 1 foot. 


3 feet 


= 1 yard. 


6i yards 


= 1 rod. 


40 rods 


— 1 furlong. 



8 furlongs = 1 mile. 



Gunter^s Chain, 

7.92 inches = 1 link. 

100 links = 4 rods, or 22 yards. 

Ropes and Cables, 

6 feet = 1 fathom. 
120 fathoms = 1 cable's length. 

Geographical and Nautical Measure. 

1 degree of a great circle of the earth = 69.77 Statute miles. 
I mile = 2046.58 yards. 

Log Lines, 

1 knot = 51.1625 feet, or 51 feet U+ inches. 
1 fathom = 5.11625 feet, or 5 feet 1|+ inches. 
Estimating a mile ^t 6139| feet, and using a 30"' glass. Jf a 28" 
glass is used, and eight divisions, then 

1 knot = 47 feet 9 + inches. 
1 fathom = 5 feet 111 inches..- 
The line should be about 150 fathoms long, having 10 fathoms 
between the chip and first knot for stray line. 

HoTt.—Bowditeh gives 6130 feet tti as6a nUUf wtkch, if taktn at iht length, trill 
make ih€ dnririmu il feet and i I'lO feet. 

Cloth, 

I nail = 2^ inches = -j^th of a yard. ' 
1 quarter = 4 naiJs. , 
5 quarters = 1 ell English 

Pendulums, 

6 points =: 1 line. 
. 12 lines = 1 inch. 

Shoemakers*, 

No. 1 is 4i inches in length, and every saoceeding dumber is } of 
an inch. 

There are 28 divisiotis, in two series of numbears, viz., from 1 to 
18, and 1 to 15. 

B 
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Circles, 

60 secondA =1 inmiite. 
60 minutes =: I degree. 
360 degrees = 1 circle. 

1 day is . 002739 of a year. 

1 minute is 000694 of a day. 



3600 = 60 
1296000 = 21600. 



Miscellaneous. 



1 palm = 3 inches. 
1 hand = 4 intehes. 



1 span =s 9 inches. 
1 Vietre =t: 3.28174 feet. 



^e standard of measure is a brass rod, which, at the tempera- 
ture of 32^ Fahrenheit) is the standard yard. 

The standard yard of the State of Ntkt-Y&rk bears, to a pendulmri 
vibrating seconds in vacuo, at Columbia College, the relation of 
1.000000 to 1.086141 at a temperature of 32"^ Fahrenheit. 

1 yard is .. . . ... .000568 of a mile. 

1 inch is . . . . . .0000158 of a mile. 



Medsures of Surface, 

144 square itobes = 1 square foot. 
9 square feet = 1 square yard. 



loehM. 

1296 



Tarda. 

1210. 



Land. 

30i square yards s& 1 square rod. 
40 square rods = 1 square rood. 
4 square roods ) , _ 
10 square chains S *•*''• 
640 acres == 1 square mile, suv/ouu = i 

KoTK.— 208.710381 /i;«^ 09.5701 yani«, or 220 iy 198 /m< tqwu^e 

Paper. 

24 sh^s = 1 quire. sbedk 

SO Quires = 1 ream. 



Rodi. 



Boo^ 



4840 = 160. 
S0976OO = 102400 = 2560. 
= \acte. 



480. 



Cap 

Demy . 

Medium 

Royal . 

Super-royal 

Imperial 

Elephant 



Drawing Paper, 



13 X 16 inches. 

mxl5i 

22 X18 

^ X19 

27 X19 

29 X2U ^* 

27}X22| *♦ 



(I 

u 



Cohimbier 
Atjas . 

Theorem . .34 
Doub. Elephant, 40 
Antiquarian . 52 
Emperor . 40 



33} X 23incheil. 
33 X 26 «* 

X 28 

X 26 

X 31 

X 60 



(I 
(I 



UndeSam . 48 x 120 " 



Measures of Capacity. 

: Liqmd, 

4filb 2= 1 pint. 
2 pints = 1 quart. 
4 quarta sc 1 gallon. 



Oib. 

8. 



= 8. 



The standard gallon measures 231 cubic inches^ und contaiiii 
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8.3388822 avoirdupois pounds, or 68372.1754 troy grains of distilled 
water at 39° 83 Fahrenheit ; the baron^eter at 30. inches. 

The gallon of the State of New-York contains 221.184 cubic inch- 
es, or 8 pounds of pure water at its maximum density. 

The ImpeiMfaUtn <Brit]sh) coatains 277.274 cubic inches. 

Dry. 

2 pints = 1 quart. 
4 quarts =1 gaUoja. 
2 gallons = 1 peck. 
4 pecks = 1 bushel. 
The standard bushel is the WincKester^ which contains 2150.42 
cubic inches, or 77.627413 Iba^ avoirdupois of (UstilkMl neater at its 
maximum density. 

Its dimensions are 18i inches diameter inside, 19^ inches out- 
side, and 8 inches deep ; and when heaped, the cone must not be 
less than 6 inches high, equal 2747.70 cubic inches for a true cone. 
The bushel of the Staie of Nevy- York contains 80 lbs. of pure water 
at its maximum density, or 2211^84 cubic inches. 



Pteta. qutta. OalloM. 
8» 

10 =r 8. 

64 = 32 = 8. 



1728 cubic inches = 1 foot. 
27 cubic feet =± 1 yard. 

MlscdUmeousi, 



Inchea. 

46656. 



1 chaldron = 36 bushels, or 
Dry gallon of New- York . . 
1 perch of stone . 



57,25 cubic feet. 
2*76.48 cubic inches. 
24,75 cubic feet. 



Measures of Weight 



Avoirdupois, 

16 drachms = 1 ounce. 
16 ounces =, 1 pound. 
112 pounds = 1 cwt. 
20 cwt. 7= 1 ton. 

1 lb. = 14 ez. 1 



(tataoei. 



256. , 
28672 = l'/92. 
573440 =£ 85840 = 2240. 
dwt. 16 gr. troy. 



The standard avoirdupois pound Is the weight of 27.7015 cubic 
inches of distilled water weighed in air, at the temperature of the 
maximum density (39^.83), the barometer being at 3<| inches. 



Troy, 



24 grains == 1 dwt. 
20 dwt. = 1 ounce. 
12 ounces s?: 1 pound. 



QraSiM. Dvrt. 

480. 
5760 = 240. 



20 grains 
3 scruples 
8 drachms 

12 ounces 



Apothecaries* 

1 scruple. 
1 drachm. 
1 ounce. 
1 pound. 



Gi|uiM. 8«rap|M. DndiBfl. 

60. 

480 

5760 



24. 

288 = 96. 
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WEIGHTS AND MEASnTESS. 



Diamond, 

16 parts = 1 grain = 0.8 troy grains. 
4 grains = 1 carat = 8.2 " 


7000 troy grains — 

175 troy pounds = 

175 troy ounces = 

437^ troy grains = 

1 troy pound =. 


1 lb. aToirdupois 
144 lbs. *< 
192 oz. " 

1 oz. " 
.8238+ lb. «« 



Miscellaneous, 

1 cubic foot of anthracite coal flrom 50 to 55 lbs. 

1 cubic foot of bituminous coal from 42 to 55 lbs. 

1 cubic foot Cumberland coal = 53 lbs. 

1 cubic foot charcoal s= 18.5 ** (hard wood). 

1 cubic foot charcoal . =18. ** (pine wood). 

1 bushel bituminous coal = 80 

1 stone =14 



<( 



«( 



Coals are usually purchased at the conTentional rate of 28 bosb- 
els (5 pecks) to a ton.==:4d.56 cubic feet. 



Measures of Value, 

1 eagle = 268 troy grains. 
1 dollar = 412.6 " 
1 cent = 168 «* 

The standard of gM and silver is 900 parts of pure metal, and 100 
of alloy, in 1000 parts of coin. 

Relative Mint Value of Foreign Gold Coinsy 



By Law of Congress, August, 1834. 



CoiB. 



Brazil. 

Emoland. 

Feamcb. 

Colombia. 
Mexico. 

PORTUaAL. 

SrAXif. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Johannes , • 

Dobraon . 

Dobra 

Moidoie ' . 

Crusado . , 

Guinea . 

Sovereign 

Double LoulB (1786) 

Double Napoleoo 

Doubloon 

Doubloon 

Dobraon . 

Dobra 

Johannes . ' 

Moidore . 

Milrea . 

Doubloon (1773) 
1 -Doubloon (1801) 
1 BUtoIe . . 



Valae. 

$17,068 

32.714 

17J05 

6.560 

.638 

5.118 

4.875 

9.694 

7.713 

15.538 

15.538 

32.714 

17J05 

17J)68 

6.560 

.780 

16.030 

15JS38 

3.883 



' fast grains of pure gold = f 1.00. 

United States Eagle preceding 1834, 910 668. 



Enoljuid. 

FftAMCK. 

Adstkia. 
Prussia. 

BUSETIA. 
SWIDKN. 



1 

5 

1 
1 
1 
1 
1 
1 
1 
1 



FOBSiaif WIGHTS AHJ> MSAflUBSS. 

Mint Value of Forei^ Coins, 

ShilUnf . . 

Francs 

Sous . 

CraWiiy.or rU dollar 

Dacat . . 

Dacat 

Ducat ^ IP roubles 

Rouble. . . .. 

IHicat ... 

Riz dollar . 



n 



The relative value of gold and gfiver v as 1 to ISil 



IT 



BSITISH. 



Fbkiigh. OM S^«tem.r-1 JUne =? 



^ea^i^re^ of Length. 



10.344 

0.0093 

0.97 

S.S9 

3.909 

7.T94 

0.748 

3.19 

1.08 



Yud is referred to a natural standatd, whick is the length of ft »eu- 
dulam vibrating seconds in Vacuo in London, at the level of the 



=z 0.06884 U.S. Inches. 
= 1.06004 " 



^ measured on a brass rod, at the temperature of OSP Fahieaheit, 
=39.1393 Imperial inches. 

IS^uoints. 
13 lines . 
13 mches * 
6 feet 



Austrian 
prussiak 

SWBDISH 
SVAMISH 



JWio Sy«teni.>-1 MUlime(re 
1 Centimetre 
1 
1 
1 
1 



Inch 

Foot 

Toise 

League =: 3280 toises 

League = 2000 toises 

Fathom = 5ftet. 



= 13.7935 
= 76.755 

(common). 

<peel). 



u 
u 



Decimetre 

Decametre . 

Hecatometre 
1 Foot . 
1 Foot . 
1 Foot . 
1 Foot . 
.1 lioague (commoz^ 



.03038 U. S. inches. 
.30380 



it 



= 3.93809 

ss «|o.Jb(]91 

= 303.80917 
= 390B.Q»t7l 

= 13.448 

= 13.361 

= il.690 

-nri; 11<934 

= 3U148U.S.niUes. 



M 
M 
M 
U 
il 
U 

u. 



Tablb showing the relative length of Ford^ Memwes compared 

with British. 



Flam. 




i/huttxt$. 


lachet. 


jnaeei. 


" 


Mtamuat, 


IncIiM^. 


Amsterdam . 


Foot 


1U4 


Malta . . . 


Foot 


11.17 


Antwerp . . 


M 


lli24 


Moecow 




4( 


13.17 


Bavaria 




tt 


1L42 


Naples . 




Palmo 


10..33 


Berlin . 




U 


13.19 


Prussia 




Foot 


13.36 


Bremen. 




It 


1J.38 


Persia . , 




Arlsh 


38.27 


Brussels 




U ' 


11.45 


Rhlneland 




Foot 


12.35 


China . 




*' Mathematic. 


13.13 


Riga. . . 




u 


10.79 


•A 

• 




" Builder's 


12.71 


Rome . , 




it 


11.60 


M 

• 




** Tradesman's 


13.32 


Russia . . 


! 


« 


13.75 


<4 

e 




" Surveyor's 


12.5a 


Sardinia . 




Palmo 


9.78 


Copenhagei 


a . 


M 


13.a5 


Sicily . . 




9.53 


Dresden 




It 


11.14 


Spain . . 




Foot 


11.03 


England 




tt 


12.00 


• 1 




Tcfesaa 


66.73 


Florence . 




Braccio 


31.60 


(i 

• • 




Palmo- 


8.34 


France . . 




PIMdeRoi 


12.79 


Strasburgh 




Foot 


11.39 


u 




Metre 


39.381 


Sweden 




u 


11.69 


Geneva . . 




Foot 


19.20 


Turin . . 




i< 


13.72 


Genoa . . 




Palmo 


9.73 


Venice . 




(t 


13.40 


Hamburgh . 




Foot 


11.39 


Vienna . 




tt 


13.45 


Bknover . 




u 


11.45 


Zurich . . 




tt 


11.81 


Leipeic . . 




u 


11.11 


Utrecht . 




It 


10.74 


Lisbon . . 




tt 


13.96 


Warsaw 




ti 


14.03 


• • 




Palmo 


a64 
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Table showiqg the lelntive iengtli of Foreign ,Road Miasures com- 
pared with British. 



JRIaoar. . 




Mnmra*. 


Tud*. 


PUUtB. 


Mcmiif. 


ItiM, 


Arabia . , . 


Mile 


S148 


Hungary . . 


Mtte 


nis 


Boh«inia 




u 


10137 


Ireland . ■ . . 


41 


3038 


China . 




Li 


629 


Netherlands . 


ti 


1093 


Denmark , 




Mile 


8244 


Persia . . . 


Paiasang 


AkOA 

OOOD 


England. 




*' Statute 


1760 


Poland ... . 


Mile, long 


8101 






** Geograph. 


30S» 


Portucal . . 
Prussia . . . 


League 


•TOD 


Flan^em , 




u 


6869 


Mile 


8468 


France . . 




League, marine 


6075 


Rome . . . 


ii 


8025 


u 

• 1 




** common 


4861 


Russia . . . 


Verst 


1167 


u 

. « 




" post 


4364 


Scotland . . 


Mile 


1984 


Germany , 




Mile, loof 


10126 


Spain . . . 


League, com. 


7416 


Hamburgh . 




u 


8244 


Svi^eden . . 


MUe 


11700 


Hanover 




u 


11550 


Switzerland . 


u 


9153 


Holland.. . 




« 


6395 


Turlcey . . . 


Berri 


1826 



Measures of Surface. 



Fkkhcb. Old Sif9tem.-A Square Inch . 

1 Arpent (Paris) . 
1 Arpent (woodland) 
JWio SyfiUnu—l Art . 
1 Decare 

1 Hecatare . % 
1 Square Metre . 

1 Are • . • 



=: 1.1364 V. S. inches. 
=: 900 square tarises. 
= 100 square royal perchea* 
=: 100 square metres. 
=s 10 ares. 
s= 100 ares. 

=: 1550.85 square inches, 
or 10.7098 square feet 
= 1076.98 « 



Table showing the relation of Foreign Measures of Surface compa- 
red with British. 



Ptaea. 


Ifearaiw. 


Sq. ysFd*. 


Plaeu. 


Meuont. 


8^, fundi. 


Amsteidam 


Morgen . . 


9722 


Portugal ; . 


Geira 


0070 


Berlin . . . 


" great 


6786 


Prussia . . . 


Morgen 


3053 


•< 

... 


" small 


3054 


Rome . . . 


Pezza 


3158 


Canary Isles . 


Fanegada 


2422 


Russia . . . 


Dessetina 


13066.6 


England . . . 


Acre 


4840 


Scotland . . 


Acre 


6150 


Geneva . . . 


Arpent 


6179 


Spain . . . 


Fanegada 


5500 


Hambufgh . . 


Motgen 


11545 


Sweden . . 


Tunneland 


5000 


Hanover . . 


M 


3100 


Switzerland . 


Faux 


7855 


Ifeland . . . 


Acre 


7840 


Vienna . . . 


Joch 


6889 


Naples . . . 


Moggia 


3998 


Zurich . . . 


Common acre 


3875.6 



Measures of Capacity. 



British. The Imperiat gallon measures 277.274 cuUc inches, eoiitalniftg 10 IbS. 
avoirdupois of distilled water, weighed In Bir» at the temperature of 
62^, the barometer at 30 Inches. 
Ihr Oraiit. 8 bushels = 1 qumter. 

1 quarter =: 10.2894 cubic feet 
Co4lf or heaped measure. . 3 bushels = 1 sack. 

12 sacks =: 1 chaldron. • 
Imperial bushel =: 2218.192 cubic inches. 

*Ueaped bushel^ 19^ Ins. dlam., cone 6 ins. high = 2815.4873 cab. ins. 
1 chaldron =s 58.658 cubic feet, and weighs 3136 pounds. 
1 chaldron (Newcastle) 3= 5936 pounds. 
Frknch. A*«i0 9ff»tem.'^l Litre = 1 cub. decimetre, or 61.074 U. S. cub. ins. 
Old Sjfetem, — 1 Boisseau = 13 litres = 793.964 cub. Ins., or 3.43 gaUs 
1 Pinte :;= 0.931 litres, or 56.817 cubic inch<5s. 
BrJonsR. 1 Wine Armha = 4.2455 gallons. 

1 Fanega romimon measure) = 1.593 buidiels. 

* When heaped in the form of a true cone. 



FOREIGN WmSHTS AND HBAStTKES. 
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Table showing the rfilativd CapMcity of Boreign Liquid Meamres 

compared with dbitish. 



Ptaeu. 


McMuret. 


Cub. locb. 


nata. 


Mmmuf*. 


CBb.lBeh. 


Amsterdam 


. Anker 


2331 


Naples . . . 


Wine Barille 


2544 


44 


. . Stoop 


146 


41 


Oil Stajo 


1133 


Antwerp 


1 • 


104 


Oporto . . . 


Almude 


1555 


Bordeaux 


. . Barrique 


14033 


Bome . . . 


Wine Barille 


2560 


Bremen . 


. . Stubgens 


194.5 


44 


Oil *• 


2240 


Canariee 


, . Arrobas 


049 


(4 


Boccali 


80 


Constantino 


pie Aluiud 


319 


Russia . . . 


Weddras 


758 


Copenhagei 


I . .Anker 


2355 


44 


Kunkas 


94 


Florence 


. . OUBarille 


1946 


Scotland* ;« . 


Pint 


103.5 


<4 


. . Wine " 


2427 


Sicily . . . 


Oil Caffiri 


062 


France . 


. . Litre 


61.07 


Spain . . . 


Ainimbres 


22.5 


Geneva . 


. . Setier 


2760 


44 


auartUlos 


dOJi 


Genoa . . 


. Wine BariUe 


4530 


Sweden . . . 


Eimer 


4794 


u 

• 


. . Pinte 


90.5 


Trieste . . . 


Ome 


4007 


Hambargh . 


. . Stubgen 


221 


Tripoli . . . 


Mattari 


1376 


Hanover 


1 • 


231 


Tunis ... 


Oil " 


1157 


Hungary . 


. Eimer 


4474 


Venice . . . 


Secchio 


628 


Leghorn. , 


. Oil Barille 


1943 


Vienna . . . 


Eimer 


3453 


Lisbon . . 


, . Almade 


1040 


44 


Maas 


86.33 


Malta . . 


. Gaffiri 


1870 









Table showing theYelative Capacity of Foreign Dry Measures com- 
pared with British. • 



P:am, 


MeuorM. 


Cnb.Ioch. 


Ptaett. 


Mnsnra. 


Cob.Indi. 


Alexandria . 


Rebele 


9587 


Malta . . . 


Salme 


16930 


44 


Kislos 


10418 


Marseilles . . 


Charge 


9411 


Algiers . . . 


Tarrie 


1319 


Milan . . . 


8444 


Amsterdam 


Mndde 


6596 


Naples . . . 


Torooli 


3123 


44 


Sack 


4947 


Oporto . . . 


Alquiere 


1051 


Antwerp . • 


Viertel 


4705 


Persia . . . 


Artaba 


4013 


Azores . . . 


Alquiere 


731 


Poland . . . 


Zorzec 


3130 


Berlin . . . 


Bcheffel 


3180 


Riga. . . . 


Loop 


3978 


Bremen . . . 


«( 


4339 


Rome . . . 


Rubbio 


16904 


Gandia . . . 


Charge 


9288 


4t 


auarU 


4326 


Constantinople 


Kislos 


3083 


Rotterdam . 


Sach 


6361 
lS44d 


Copenliagen . 


Toende 


8489 


Russia . . . 


Chetwert 


Ctttsica . . . 


StaJo 


0014 


Sardinia . . 


StarelU 


89^ 


Florence . . 


atari 


1449 


Scothmd . . 


Firtot 


3197 


Geneva . . . 


Coupes 


4739 


Sicily . . . 


Salme gro« 


31 (u4 


Genoa . . . 


Mina 


7382 


44 

• • • 


*' generate 


16Hd6 


Greece . . . 


Medimni 


3390 


Smyrna . . . 


Kislos 


tin 


Hamburgh . . 


Bchetibl 


0426 


Spain . . . 


Catrize 


41309 


Hanover . . 


Matter 


6868 


Sweden . . . 


Tunnar 


8940 


Leghorn . . . 


Btajo 


1501 


Trieste . . . 


Stari 


4521 


• • • 


Sacco 


4.'i03 


Tripoli . . . 


Caffiri 


19780 


Lisbon . . . 


Alquiere 


817 


Tunis . . . 


41 


S18S5 


M 

... 


Fanega 


9368 


Venice . . . 


Stajo 


4945 


Madeira . . . 


Alquiere 


684 


Vienna . . . 


Metzen 


3753 


Malaga . . . 


Fanega 


3783 









Measures of Solidity, 

Frsmch. 1 Oabic Foot as 3093.470 U. S. inches. 

Hecistre = 3.5375 cubic feet. 

Btere (a cnUe metre) . . . . s 35.375 ** 

Decaateie = 363.75 " ^ 

1 Stere . = 61074.664 cubic inches. 

For the Square and CuMe Measures of other countries, take the length ef fSu. 
Bieasure in table> page 17| and square or cube U as required. 



^ 
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Mecaures of Weight 



BuTXBH. 1 troy Grain 
1 troy Pound 
FSBSCH. Old Syttem-- 



= .003961 cubic incbea of distilled water. 
=s SS.815689 cubic inches of water. 



I Grain 
1 Oros 
1 Once 
1 Livro 
JWtf Sjfttem,—MlUignmme 
Centigramme 
Decigramme 
Oramnu 
Decagramme 
Hecatogramme 
I 



0^188 grains troy. 
58.9548 '* 

1.0780 OS. avoirdupois. 
1.0780 lbs. " 
.01543 troy grains. 
.15433 

1.54331 " 

15.43315 •* 



SpAinsH 

SWXDISH . 

Austrian . 
Prussian . 



1 
1 
1 
1 
1 
1 
1 



= 154.33150 •• 

- =1543.3150 

MUiier =: 1000 Kilogrammes = 1 ton sea weight. 

Kiiogramme . r= 3.304737 lbs. av(rirdupois. 

Pound avoirdupois = 0.4535685 KUogramme. 

Pound troy . r=0J73S323 ** 

*' . = 1.0153 lbs. avoirdupois. 

« . t= 0.9376 " 

« . =1.2351 " 

" • - =1.0333 " 



NoTB. — In the new Drench «y«tom, the mahne* of the kate ef each tneasuret vix^ 
Metrcy Litre, Stere, Jire, and Orammt, are deereated or inereaeed bjf the foUoieing 
word* preyed to the^ ThuSf ^ 

Bfilli expresses the 1000th part 

Cent! " 100th ** 

Decl « 10th " 

peca ** 10 times the value. 



Hecato 

ChUio 

Myrio 



expresses 100 times the value. 
" 1000 " 

« 10000 " 



Table showing the relative value of Foreign Weights compared with 

British. 







Number 






■ 


Number 


/ta«B*. 


Vfti^t^ 


equal to 

lOU aroir 

dupob 

poauda. 


• Placet. 


1 Wdghta^ 


equal to 

100 avoir* 

dupok 

pounU 


Aleppo . . . 


Rottoll 


80.46 


Hanover . . 


Pound 


93.90 


«4 

... 


Oke 


35.80 


Japan . . 




Catty 


76.93 


Alexandria 


Rottoll 


107. 


Leghorn . 




Pound 


133.58 


Algiers . . . 


41 


84. . 


Leipsic . . 




" (common) 


97.14 


Amsterdam . 


Piound 


91.8- 


l4yons . . 




" (silk) 


98.81 


Antwerp . . 


4< 


96.7!^ 


Madeira 




u 


143.30 


Barcelona . . 


«< 


113.6 


Mocha . . 




Maund 


33.33 


tiatavia . . . 


Catty 


78.78 
53.51 


Morea . 




Pound 


90.79 


Bengal . . . 


Seer 


Naples . , 




Rottoll 


50.91 


Berlin . . . 


Pound 


96.8: 


Rome . , 




Pound 


133.09 


Bologna . . . 


i« 


135.3 


Rotterdam 




it 


91.80 


Bremen . . . 


u 


90.03 
97.14 


RuMia . 




M 


110.86 


Brunswicic . . 


M 


Sicily . . 




U 


USA'S 


Cairo. . . . 


Rottoll 


105. 


Smyrna 




Oke 


36.51 




it 


85.9' 


Sumatra^ . 




Catty 


35.56 


China . . . 


Catty 


75.45 


Sweden 




Pound 


106.67 


Constantinople 


Oke 


35.55 


It 




it 


130.68 


Copenhagen . 


Pound 


90.80 


Tangiers 




" (miner's) 


94.37 


Corrica . . . 
Cyprus . . . 


ti 

Rottoll 


131.72 
19.07 


Tripoli . 
Tunis . 




Rottoll 

tt 


9$SB 
90.09 


Damascus . . 


M 


25.38 


V^nioe. ., 




Pound (heavy) 


94.74 


Florence . . 


Pound 


J33.5? 


• 




" (}ight) 


150. 


Geneva . . . 


" (heavy) 


82.35 


Vjenn* . 




« 


81. 


Crenoa . . . 


U M 


93.86 


Warsaw . 




u 


113.85 


Hambdifh. . 


U U 


m^a 









SCRIPTUEE AND AKGIEKT MEA8UBES. 



21 



Scripture Long Measures. 



A digit . 
Apalia . 
Atpait . 


FeeL loetaet. 
. =0 0.912 
. rsO 3.648 
. =aO 10.944 


A cabtt . 
A&thom . 


Feet. laehea. 
. si 9.888 
. ss7 3.59B 




Grecian Long Measures. 




A digit 

A pom (foot) 

AcaUt . 


Feet. iDcbei. • , 
. =0 0.755417 
. =sl 0.0675, 
. si 1^064$ 


Amile 


Feet. bdMfc 
. = 604 4^ 
. S4835 



A Greek or Olympic foot = 13.106 inches. 
A Pythic or natural foot = 9.768 ** 



A cabit 

A Sabbath day's 
Journey . 



Jewish Long Measures. 

A mile . . . s 
A day's journey . = 
(or 33 miles 864 feet). 



Feet. 
s 1.834 

s3648. 



Roman Long Measures. 



Feet. 
Adigft . .=0 
An uncia (inch) := 
A pes (foot) . s&O 



InchM. 
.72575 
.967 
11.604 



Aenbit . 
A passus 
Amile . 



Feet. 
s 1 
= 4 
= 4835 



Miscellaneous. 



Arabian fool » 
Bal^lonian foot 
Egyptian . 



Feet 
sr 1.005 
= 1.140 
= 1.431 



Hebrew foot. . . . 
** cnUt . 
** sacred cubit 



Fee(.- 
7296 
175104 



iBcbei. 
5.406 
10.02 



Feet. 

ijns 

1.617 
3.0qf2 



Vo•XK^'^The abate dimentiont are British, 



.Table 


for finding the Distance of Objects 


fU Sea, it 


I Statute Miles, 


Beiihtia 


biituceia 


Heifht in 


DivlMiee in Height in 


Dietenoeia 


Height in 


Diataaceia 


feet 


• milet. 


feet. 


nilee. teet. 


milek 


tat. 


mllee. 


♦.683 


1. 


ii 


4.39 30 


7.26 


200 


13,72 


1 


1.31 


12 


4.58 


35 


7.83 


300 


22.91 


. 2 


1.8t 


is 


4.77 


40 


8.37 


400 


26.46 


3 


2.29 


14 


4.95 


46 


8.87 


600 


29.58 


4 


2.63 


16 


6.12 


50 


9.35 


1000 


32.41 


5 


2.96 


16 


5.29 


60 


10.25 


2000 


59.20 


6 


3.24 


17 


5.46 


70 


11.07 


3000 


72.50 


7 


3.49 


18 


6^61 


80 


11.83 


4000 


83.7 


8 


3.73 


19 


6.77 


90 


12.55 


5000 


93.6 


9 


3.96 1 20 
4.18 1 25 


5.92 


100 


13.23 


1 mile. 


96.1 


10 


6.61 


150 


16.20 







* 6.M iocbee. 



The difference in two levels is as the square of the distance. 
Thus, if the height is required for 2 miles, 

1 « : 2« : : 6.99 : 27.96 inches ; 
and if for 100 miles, 1* : 100* : : 6.99 : 1.103+ miles. 
For Geographical miles, the distance for one mile is 7.962 mches 
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]H8TAKC£9^ 



Example.— If a man at the foretop-gallant mast-head of a ship, 
100 feet from the water, sees another and a large ship (hull to), how 
far are the ships apart 1 
A large ^ip's bulwarks are, say 20 feet from the water. 
Then, by table, 100 feet . . . = 13.23 

20 " , . . = 5.92 

Distance . \ 19.15 miles. 

NoTS.— -L tkovU he added for horixontat refraction^ 

To Reduce Longitude into Time. 

Multiply the number of degrees, minutes^ and seconds by 4, and 
the product is the time. 

£]^4MPLB. — Required the time correfQMnding to 50^ 2V, 

600 31' 
4^ 

h.3 22^ 4' Ans. 



If time ia to be reduced, then 

A. tn. 

4)3 22 



4 



50 31 An$, 
Or, multiplying by 15 : thus, 

4 27 I3xl$=66*» 48' 15". 

Demesof longitude are to each other in length, ai^'^e oos^es of 
their latitudes. 



MtlM. 

38.57 
34.41 
30. 
25.36 
20.52 
15.53 
10.42 
5.23 
0.00 



For every 


f 5^ they are OMfoUcwa i 


» 


UOm. 




Equator ... 60. 


50° 


50 






59.77 


55° 


100 






59.09 


60° 


15<* 






57.96 


65° 


20<> 






56.38 


70^ 


25° 






54.38 


75° 


30<» 






51.96 


80° 


36» 






49.15 


85° 


40® 






45.96 


90° 


45° 






42.43 
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VULGAR FRACTIONS. 

A Fraction, or broken number, is one or more parts of m Ukit. 

EjiA^pxs.— 12 Inches are 1 foot. 

Here^ 1 fott -is die ante, and 13 tii«A«* its pli^; 3 imckety ^erefcie, itra the mis 
fwnrik of a foot, for 3 is the quarter (sr fourth of 13. 

A Vulgar Wriution is a fraction expressed by two mimAers |riaced one above the 
ofher, with a Une between them ; as, 50 cents is the i of a dollar. 

The upper number is called the JWm«rator, because k shows the number of 
parts used. 

The lower number is called the JDenomtnator, because it denominates, or gives 
name to the fraction. 

The Terms of a fraction esfMess both MBaerator and denominator; as, 6 and 9 
are the terms of 4. 

A Prvper fraction has the numerator equal to, or less than the denominator; as, 
i,fcc. 

An Improper fraction is the reverse of a proper One ; as, 4, dec. 

A Mixed fraction is a componnd of a whole number and afVaiition ; as, 5|, dtc. 

A Compowid fraction is the fraction of a iVacUon ; as, ^ of}, fcc 

A Ost^Mc ftactlon is one that has a fraction for Its numeratw or denoniinat(»,er 

both; as, i, or |, or |, or ^« •*• 

A Traction denotes di'eimn, and its vaine is efuat t» Cis fmsUmt sHiinsi bf ii" 
tiding the numsrator bjf the denominator ; tAus, U^ is' equiU to 3, isiitf ^ is eqtuU 
to4|. 



REDUCTION OF VULGAR FRACTIONS. 

To find the greatest Number that will divide Two or more Numbers 

without a Remainder, 

Bulk.— Divide the greater number by the less; then divide the divisor by the 
remiUnder ; and so on, divldhig always the last diVlsor l^ the last remainder, until 
nothing remains. 

Example.— What is the greatest common measure of 1906 and 936 f 
936)1908(3 
1J B78 

36) 936 (30 
78 

316 
216 
— ^ 8o 96 is the greafist eomfflon meastira. 

To find the least Common Multiple of Two or more Numbers* 

BuLB.—IMvide bv eny number that will divide two or more of the given nOmbeni 
Vlthont a lem^luiiBr, and set the quotients with the undivided nttmbeik In a llnd 
beneath. 

Divide the second line as before, and so on, until there are no tWo nuibbefs thai 
can be divided ; then the continued product of the divisors and quottehtsf^l glv« 
the multiple required.. 

EzAMPLB.— What is the least common multiple of 40i 6O4 and 3Sf 

5) 40 . 50 . 25 

5) 8.10. ,5 

3) 8.2. 1 

4. 1. 1 

Then 5x5X3X4=300 Jtni 



i 



3t yUX^GAB FBACTIONS. 

To reduce Fractions to their lowest Terms. 

RuLB.— Divide the tenns by any number that will divide them without a rs- 
tnainder, or by their greatest common measure at once. ' 

ExAMPLB.— Reduce }^ of a foot to its lowest terms. 

JIfMO = JI+8 = ^:*^ = 3, or 9 tochea. 

To reduce a Mixed Fraction to its equivalent , an ^proper 

Fraction, 

N(yn.— Mixed and improper fractions are the same; tkuSt 5^ s= y . JFbr ittus- 
trationf see following examples : 

Rule.— Multifily the whole number by the denominator of the fraction, and to 
the product add the numerator ; then set that sum above the denominator. 

EzAMPLK.— Reduce 33^ to a fraction. 

23X6+2 =140 
6 6 

ExAXPLc—Reduce -^ inches to its value in feet 

1334-6 =6 SOj ; that is, 20 feet and ^ or i of a foot 

To reduce a Whole Number to an equivalent Fraction having a 

given Denominator. 

RuLB.— Multtely the whole number by the given denominator, and set the prod 
net over the said denominator. 
Example. — ^Reduce 8 to a fraction whose denominator shall be 9. 

8X9 = 73; then "^ the answer. 

To reduce a Compound Fraction to an equivalent Simple one. 

Rule. — ^Multiply all the numerators tc^ether for a numerator, and all the de- 
mumnatoiB together for a denominator. 

Note. — When there are terms that are common, thep may he omitted. 
ExA]iPLE.r-Reduce ^ of | of § to a simple firaction. 

1 3 3__6._1 
3^4^3'"34~4'^"'' 

Or, ^X^ X ^= \, by cancelling tiie 2*s and 3**. 

Example.— Reduce ^ of | of a pound to a simple fraction. 

iX|=i^n*. 

To reduce Fractions of different Denominations to equivalent 

ones having a common Denominator. 

Rule.— Multiply each nuinerator by all the denominators except its own for the 
new numerators ; and multiply all the denominators together for a common de- 
nominator. 

Note.— In thiSj as in all other operations, whole numhersy mixed, or compound 
fractions, must first be reduced to the form of simple fractions. 

Example. — ^Reduce i, {« ^^^ | to a common denominator. 



1X3X4 = 13) 

2x2X4 = 16j=4f = 1} = !} Jins. 

3X2X3 = 18 > '* ** ** 



2X3X4 = 24 

The operation may be performed mentally ; thus, 

Eednce ^, f , {, and | to a common denominator. 

2.9I3 1^1 6.6 8^93 

¥™T* I — ¥• 1 — ¥• ¥*■¥• 
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To reduce Complex Fractions to Simple ones. 

Bulk.— Reduce the two parts both to dmple fraAtlong ; then muldifly the Blh 
merator of each by the denominator of the other. 

. ExAMPLt.— Simplify the oonplex fractioB ^. 

Sl= • 8X 5=«^^„. 

4| = V 3XS4=73 8 



ADDITION OF VULGAR FRACTIONS. 

BtTLx.— If the fjractions have a common denominator, add all the nmneratofi 
together, and then place the sum over the denominators. 

NoTK. — If the prepared fractions have not a common ienomhuAor^ tkoif muot ha 
reduced to one. Jileot compound and complex muot be reduced to oimpU fro/eHema, 

ExAMPLB.— Add ]^ and % together. 

J+| = f = !.«»«. 

EzAimji.— Add i of} of ^ to ^ o^ I* 

Si of} =VX|=|4. Th«, 11+11= 1|3J. .Alt. 



SUBTRACTION OF VULGAR FRACTIONS. 

RuLi.— Prepare the fractions the same as for other operations, when neeetsanr $ 
then subtract the one numerator from the other, and set the remainder over this 
common denominator. 

ExAMFLB.— What is the A^renee between f and \ 1 
ExijcpLB.—- Subtract { from |. 



«X9=54) 
8X9=13' 



MULTIPLICATION OF VULGAR FRACTIONS. 

RtTLB.— Prepore the fiactiona as previously required ; multiply all the numera- 
tors together for a new numerator, and all the denominators together for a new 
denominator. 

ExAMPLB.-'What is the product of ^ and } t 

|x}=A=i-«"- 

£xAmLB.--What is the product of 6 and § of 5 1 

Ax|of5=Axy = V = ^'^* 

c 



W APPLICATION OF BBBUCTION OP VVLGAR PEACTIONS. 



DIVISION OF VULGAR FRACTIONS. 

RcLK. — ^Prepare the fractions aa before ; then divide the numerator bjr the nu- 
merator, and tne denominator by the denominBtor, if titer will ezaetly divide ; bol 
If not, invert the terms of the divisor, and multiply the dividend by it, as in multi- 
plication. 

£xA]iruE.<-Divide y by {. 

To find the Value of a Fraction in Parts of a whole Number, 

Rule. — Multl{]lly the whole number by the numerator, and divide by the denooH 
inator ; then, if anything remains, multiply it by the parts in the next inferior de- 
nomination, and divide by the denominator, as biefore, and so on as far as necessa* 
ry ; so shall the quotients placed in order be the value of the fraction required. 

Example.— What Is the value of ( of § of |9 1 

Example.— Reduce } of a pound to avoirdapois ounces. 

3 
1 

4) 3(0 lbs. 

16 ounces in a fb. 

Example.— Reduce ^ of a day to hours. 

^Xii=ff = 7fffhonn,.*«s. 

To reduce a Fraction from <me Denomination to atipther. 

Rule. — JMtultiply the number of ports in the next less denominator by the na- 
merator if the reduction is to be to a leoo immm, but multiply by the denominator i/ 
to a gt^aker. 

Example.— Reduce ^ 6f a dollar to the fhictton of a cent. 

lwt«®«-t«« 3fi*u 

JX -7- = -4- a= Y» *^ answer. 
Example.— Reduce i of an avolrdupolfl pound to the fraction of an ounce. 

\X V = V = f , the answer. 
Example.— Reduce ^ of a cwt to the fhwtion crfa JUk 

|xf >i V =i 2|i t-: 5L?, the answer. 
Example.— Reduce § of | of a mile to the fraction of a foot 

} of J = T^X^* =* ^^ = 2iji5., the answer. 
Example.— Reduce :( of a square foot to the ftactlon of an faich. 

nr R¥le mf Three in Fulgrar Frtu^ionoy tee page S9. 



DECIMAL FRACTIONS. 

A Decimal FftAcnoit is that which has for its denominator a unit (1), with at 
ttiany ciphers annexed as the numerator has places ; it is usually expressed by set- 
ting down the numerator only, with a point on the left of It. Thus, -j^ Is .4, -fif^ 

is .85, -^^^ Is .0075, and twvAv ^ ^^^' ^>*«" ^«'^ ^ (^ deficiency of fig- 
ures in the numerator, prefix ciphers to make up as many places as there are 
ifhers in the denominator. 
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Mixed nitmbers conrist of a whole nnmber and a fiauttoa ; a% IStS, wbich is th« 
tame as 3./^ or f35 . 

Ciphers on the right hand make no alteration in their value ; for .4, .40, .400 v% 
decimals of the same value, each being i^, or f . 

ADDITION OF DECIMALS. 

BuLB.'-Set the numbers under each other according to the valuaof their filaces, 
as in whole numbers, in which state the deeimal points will stand directly under 
each other. Then, beginning nt the right hand, add up all the colunau of numlien 
as in integers, and place the point directly below all the other ptdnts. 

ExAicrLB.—Add together 25.125. 56.19, 1.875, and 293.7335. 

25JS5 
51.19 
1.875 
giaL73BS 

376.9S2S the sum. 

SUBTRACTION OF DECIMAL FRACTIONS. 

R01.B.— Place the ntunbers under each other as in iiddltlon ; then subtiact as hi 
nhole numbers, and point off the decimals as in the last rule. 

ExAMPLK.— Subtract 15.150 from 89.1750. 

89.1750 
15.150 

74U»S9«cs». 

MULTIPLICATION OF DECIMALS. 

RuLK.— Place the fkctors, and multiply them together the same as if they were 
whole numbers ; then point off in the product just as many places of decimals as 
there are decimals in both the factors. But if there be not so many figures in the 
product, supply the deficiency by prefiziim; ciphers. 

ExAMPLS.—Multiply 1.58 by .75. 

.75 

780 
1093 



1.1700 JVwT. 
BT CONTRACTION. 

To contract the Operation so as to retain otdy us many Decimal 
places in the Product as may he thought necessary, 

SvLS. — Set the unit's place oi the multiplier under the figure of die multipli- 
cand whnee {dace Is the same as is to be retained for the laet in. the pradiict* and 
dispose of the rest of the figures in the contrary order to what they are usually 
placed in. Then, in multiplving, reieet all the figures that are more to the right 
hand than each multiplying l%un%,and set down the nroducts, so that their right- 
hand figuretr may fkll ki a c<rfumn etialght behnr each other; ind observe to in- 
crease the first figure In every line with what would arise from the figures omit- 
ted ; thus, add 1 for every result from 5 to 14, 3 from 15 to 34, 3 lh>m 35 to 34, 4 
Arom 35 to 44, &«.,*«., and the sum of all the liaes will be the ppNidutit as required. 

£xAMPLK.~MultipIy 13.57493 by 46.20517, and retain only four places of ded- 
nals in the product. 13.57493 

71508.64 

5429972 

8]449lH-2forl8 

37150^-3 " 18 

679- -4 " 35 

14--1 ** 5 

9+8 " 21 

687^030 
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GxAXPLK.— MultiplT 97.14966 by M.41035, and retain only live placet of ded 
BiAhu ^iw.S506.8S806. 

DIVISION OF DECIMALS. 

Bulk.— 'Divide as in whole numbers, and point off in the quotient as many places 
for decimals as the decimal places in the dividend exceed those in the divisor; but 
if there are not so many places, supply the deficiency by prefiziny ciphers. 

EXA]CPLB.~-Divlde SOJOO by 6.75. 

6.75) 53.00 ( = 7.851+. 
Mere 3 e^fkere were eauuxed to earrff eut the divieieu. 

BY CONTRACTION. 

Bulk.— Take only as many figures of the divisor as will be equal to the number 
of figures, both integers and decimals, to be in the quotient, and find how many 
times they may be contained in the first figures of the dividend, as usual. 

Let each remainder be a new dividend ; and for every such dividend leave out 
one figure more on the right-hand side of the divisor, canylng for the figures cut 
off as in Contractton of Multiplication. 

NoTK. — Wketi there tare not ee sumir Jigwea in the dbaiaor me are required U Ve 
m the quotient^ continue the first operation till the ntanber of figures in the divisor be 
equal to those remaining to be found in the quotient^ after whieh begin the eontraetion, 

EzAMPLc— Divide 2506.02806 by 92.41035, so as to have only four places of deci- 
mals in the quotient 

92.410315) 2506.028106 (27.1498 
1848207 +1 

600721 
646872 +8 

13849 
9241 

4606 - 
3696 

912 
W8+4 

80 

74t2 
6 

ExAXFLi.—- Divide 4109iS351 by 230^409, retabilng only four dechnals in the quo- 
tient Jine, 17.8345. 

REDUCTION OF DECIMALS. 

To reduce a Vulgar Fraction to its equivaJent Decimal. 

Bulk.— Divide the numerator by the denominator, anneying ciphers to the no- 
merator as Air as necessary. 

ExAMFU.-^Beduce f to a decimal. 

5) 4.0 

.8 Jhu* 

To find the Value of a Decimal in Terms of an Inferior Denomi' 

nation. 

BuiCd— Multiply the decimal by the number of parts in the next lower denomi- 
nation, and.cut off as many places for a remainder, to the r^ht hand, as there are 
places in the given decimal. 

Multiply that remainder by the parts in the next lower denomination, again eUt- 
ting off for a remainder, and so on through all the parts of the integer. 

ExAKPLK.— What is the value of .875 dollars t 

.875 
106 

Oento, 87,500 
10 

Mills, &000 ^n«.87eent8 5mUIt 
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BxAMPUB.— What b the content of .140 cubic feet in Inehae 1 

•140 
1788 eiiliic inches in »caUe foot. 

^^•*** ^iw.941.yV^cuMc inches. 

EzAMPLK.— What is the value of .00139 of a foot 1 

Ans, .01548 inches. 
EZAXPI.K.— What is the value of 1.075 tons in pounds ? 

.^«#. S406. 

To reduce Decimals to equivalent Decimals of higher Denomina- 
tions, 

^^^^^'"^^^^ **y ^ nuMber of parts fai the neit higher deBOodnattoii) wMkk- 
mnf the operation as far aa requirad. . ^ ' 

Example.— Reduce 1 inch to the decimal of a foot 

12il.00000 



.06^ &C., Ant, 

EzAMPLc— Reduce 14 minuteei to the decimal of a day. 

60114.00000 



341 .33333 



.00973, Jcc, Aiu, 

EzAXPLi.— Reduce 14" 18'" to the deeimal of a mhittte. 

14" 13"' 
60 



60 



/// 



853. 
14.3" 



.33G66', &c., Antu 

VwnLr-When then art ttvtral numitrt^ to It rtduetd all to tht dtcimal of tht 
higkett. 

Reduce them all to the lowest denomination, and proceed as for one denond 
nation. 

ExAMPLB.~-Reduce 5 feet 10 inches and 8 barleycorns to the decimal of a yard 

jMt Inches Be. 
5 10 3 

13 

70 

3 

3!313. 

71. 



13 
3 



5.9166 



1.9733, ^., yards, Ana, 



RITLE OF THREE IK DECIMALS* 

RvLc— Prepare the terms by reducing the vulgar fractimui to decimals, com* 
pound numbers to decimals of the highest denomination, the first and third terms 
to the same name ; then {H'oceed as in wlK)!e numben. See Rule, page 31. 

ExAMFLx.— If I a ton of iron cost ) of a dollar, what will .635 of a toncotot? 

i=.5 ) . .5:. 75::. 685 . ' 

|=.75 \ .685 

.9375 dollars,' wfn#. 
C2 



80 ditodecuuu. 



DUODECIMALS. 

In Daodecimals, or Cross Multipllcatton, the dimensioiu are taken in feet, loch 
efl| and twelftha of an inch. 

RuLB.~8et down the dimenaiom to be multiplied together, one under the other, 
■o that feet may stand under feet, inches under inches, fcc. 

Multiply each term of the multiplicand, beginning at the lowest, by the feet in 
the multiplier, and set the result of each immediately under its corresponding 
term, carrying 1 (br every 13, ftom one term to the other. In like manner, multi- 
ply all the multiplicand by the inches of the multiplier, and then by the twelfth 
parts, setting the result of each term one place farther to the right hand for every 
MttltipUer. Tte sum of the products is tiM answer. 

ExAMFLc— Multiply 1 foot 3 inches by 1 Ibot one Ineh. 

I 3 



1 1 



3 

1 3 



14 3 

Proop. — ^1 foot 3 inches is 15 inches, and 1 foot 1 inch is 13 inches ; and 15X13 
ss 195 square inches. Now the ahove product reads 1 foot 4 inches and 3 twelfths 
of an inch, and 

1 Ibot =s 144 square inches. 

4hiches =48 ^ 

3 twelfths =3 « 

195 

ExAMPLB.— -How many square inches are there In a board 35 feet 4i inches long 
and 12 feet 3^ hiehes wide t 

Feet. Incbea. TwdAlis. 
35 4 6 
13 3 4 



434 


6 








8 


10 


1 


6 






11 


9 


6 






4.14 8 11 

ExAMPLK.— Multiply 90 feet 6^ inches by 40 feet hiches. 

By duodecimals, jf m. 831 feet 11 inchM 3 twelfths equal 831 square feet 

and 135 square inches. 
By decimals . . 40 foet 6 inches == 40 JS 

20 •" Gjk "* = 20i»41fl66, fcc. 
Feet . . . 831.937499 

144 

Square hiches 134.999856 

Table showing the vakie of Duodecimals in Square Feet^ and 

Decimals of an Inch, 

So. feet So. iodiefc 
1 Foot ...... = 1 or 144. 

1 Inch = ^ « 12. 

1 Twelfth ....,.=: .j.J.y « 1. 

^ of 1 twelfth . . . . . = ^^ " X»3333,fce. 

^ofT^ofdo. =5TTirT" .00fl044fcc 

Application of this Table. 

What number of square inches are there In a floor lOOJ fbet broad and 25 feet 6 
Inches and 6 twelfths Iraig t 

. An$, 2566 feet 11 hiches 3 twelfths equal 3566 feet 135 hiches. 



SULE OF THUEE. 1^1 



RULE OF THREE. 

The RuLV or Thrkb teaches how to find a foorCh proportimial to three gTven 
mnnben. 

It M either Dikkct or Invkr/sk. 
« It is Direct when more requires more, or less reqaii«8 less. Thus, If 3 barrels of 
flour cost $18, what wiil 10 barrels cost t Or, if 300 ibe. of leftd cost 935.S0, wh»t 
will 10 lbs. cost? 

In both of these cases the Proportion is Dirut^ and the stating most be, ^ 

As 3:18 '.:10: ^r«. 60. 

300: 35.50:: 10: JiM. .95. 

It is Inverse when more requires less, or less requires more. Thus, if 6 men 
build a certain quantity of wall in 10 days, in liow many days will 8 nen buiid the 
like quantity ? Or, if 3 men dig 100 feet of trench in 7 days, in how many days 
will 3 men perform the same work ? 

Here the Proportion is Inverse^ and the stating must be, 

As 8:10:: 6: ^ns. Ik, 

2 : 7 : : 3 : Ans. lOj. 

The fourth term is always found by multiplying the 3d and 3d terms together, 
and dividing the product by the 1st term. 

Of the three given numbers necessary lor th« statingi two of them contain the 
supposition, and the third a dCTaand. 

RuLV.— Statk the question by setting down in a straight line the three neeee- 
sary numbers in the following manner : 

Let the 3d term be that number of supposition wUch Is of the same denomina- 
tion as that the answer, or 4th term, is to be, making the demanding number the 
3d term, and the other number the 1st term when the question is in Direct Propor- 
tion, but contrariwise If in Inverse Proportiony tliat is, let the demanding number 
bo the Ist terra. 

Then multiply the 3d and 3d terms together, and divide by the 1st, and the prod- 
uct will be the answer, or 4th term sought, of the same denomination as the 3d 
term. 

NoTB. — If the first and third terms are of different deneminationsy reduce them to 
the same. If after division^ there he any remainder^ reduce it to the next lower dc 
nomination^ and divide by the same divisor as before^ and the quotient wiU be of this 
last deneminatien. 

Sometimes two or more stagings are neeessoryy which mof always be known by the 
nature of the question. 

£zAXPLB 1.— If 30 tons of iron cost 9225, what will 500 tons cost ? 

Tom. DolU. Ton*. 
30: 335:: 500 
' 500 

210) 11350.0 

5635 dollars, Ans. 

EzAMPLX 3.— If 15 men raise IPQ tons of ifon or» in 12 days, how many men will 
laise a like quantity in 5 days % 

DiTi. Men. Thy*. 

As i : 19 : 1 IS 

12 

5)280 

36 men, Jins, 

EzAMPtK 3.— A wall €hat is to be built to the heif^t of 36 feet was raised 9 feet 
high by 16 men hi 6 days : how many men could finish it in 4 days at the same 
rafe of working f 

Dan. Men. Pttyt. Men. 
4 : 16 : : 6 : 34 J3ns, 
Then, if 9 fbet requhe 34 men, what will 37 feet require t 

9 : 34 : : 37 : 73 Ans. 

EzjkXPLK 4.— If the tiilrd of six be three, what will the fourth of twenty be 1 

Ana. 7|. 



S2 unroiiVTioN — ^etoi^qtion. 



COilPOUND FSOPORTION. 

CovrouHD PkopoBTioH U tbe rule by mva^s of which mch qoMtiont m yrmM 
require two or more statings in simple proportion (Rule of Three) ean be iwolv*d 
in one. 

Ab tile rale, however, is bat little ««ed,.«nd not easily acquired, It ii deemed 
pfeiiMrable to omit it here, «id to show tlie operation by two or more statinga. 

EzAMPLB.— How many men can dig a trench 135 feet long in 8 days, when 16 
men can dig 54 feet in 6 days 1 

Icct« Moo* Wottm Uuum 

Fir^t . As 54 : IS : : 135 : 40 

D^t Mm. Hay. Min. 
Seetmi , As 8 : 40 : : 6 : 30 JHs, 

ExAifPLK.-<-If a minn travel 130 miles in 3 days of twelve hours each, in how 
many days oi 10 hours each would he require to travel 360 miles 1 

Firtt . . . As 130 : 3 : : 360 : 8J07 

BouB. dap. Howi. Daji. 

Stwnd . . As 10 : 8.307 : : 13 : 0.0684 jSm. 

EiAMrLc— If tS men In 15 dnvs of 13 houn build a wall 30 feet long, 6 wide, 
and 3 deep, in how many days of 8 hours will 60 men build a wall 300 feet long, 8 
wide, ana 6 deep 1 Jin: 190 daya. 



INVOLUTION. 

ImroLUTioM Is the multiirfying any number into itself a certain nnmlier ef timet. 
The products obtoined are called Powers. Tbe number Is called the Root, or 
frst power. 

When a number is multiplied by itself once, the product is the square of tbai 
nomber; twice, the cube; three times, tbe idquadrate, Im:* Thus, of the number 5. 

5 is the Root or Ist power. 
5X5= 85 ** Square, or 9d pow«r, and is expressed 5*. 
5X5X5 = 135 ** Cube, or 3d power, and is expressed 9*. 
SX5X5X5 =635 ^ Biquadrate, or 4th power, and is expressed 5^. 

The little figure denoting tbe power is called the Irdkx or Exponbht. 
ExAMPLK.— What Is the cube of 9 1 Jtns, 73S. 

ExAMPLK.— What is the cube of }.1 Jint, f}. 

EzAKPLK.— What is the 4th power of 1.5 1 jtma. 5j06BS. 



EVOLUTION. 

« 

EvoLunoH Is finding the Root of any number. 

The sign ^ placed before any number, indicates the square root of that number 
li required or nown. 
The same character expresses any other root by placing the index above it 

ThUSj */85= 5. «nd 44-3 = ^. 

And, )9798,and^ss 4. 
Roots which only appxDzimate axe called Surd Roots. 

TO SXTSACT THB SqUASB BOOT. 

RuLi.— Point off the given number from units* place Into periods of two iSgnree 
each. 

Find the greatest square in the left-hand period, and place its root in the quo- 
tient; subtract the square number from the left-hand period, and to the remainder 
brfng doim the next period for a dividend. 

Double the root already fbund Ibr a divisor ; find how many times the divisor Is 
contained In tbe dividend, exclusive of the right-hand figure, place the result in the 
quotient, and at the right hand of the divisor. 
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Multiply the divisor \tf the last quotieat figure, and subttact the product from the 
dividend ; brii^ down the next period, and proceed as before. 

Note. — Mixed deeimeU* mutt be pointed off both way^/fvm units. 

ExAicPLB.-<-What is the square root of 2 1 

li 3.000006 (1.414, &c 



34 

4 



100 
96 



281 
1 



400 
281 



2824 

4 

28ii8 



11000 
11296 



604 

ExAiirLB. — What is the square root of 144 1 

11 144 (12 Jlnt. 



1 1 



22 



044 
44 



00 
EzA]tPt.C.~What is die square root of 12 T Jins. 3^464101. 

SQUARE ROOTS OF VULOAIt FRACTIONS. 

Bulb.— Reduce the fractions to their lowest terms, and that fraction to a decbnal, 
and proceed as in whole numbers and decimals. 

NoTB.— ITAeii the terms of tke fraeUons are sqnarest. Uke tfte r««C itf mcA und 
set one t^ove the other ; ae^^ietke square root of |f 



EzAMPLB.— What is the square root of -i^T ^ns, 0.88603540. 

To find the 4th root of a number, extract the square root twice, and for the 8th 
root thrice, Jcc, Alc 

TO EXTRACT THE CUBE ROOT. 

Bulb.— From fhe fable of Roots Cpafo M) take the nearest cube to the given 
number, and call it the assumed cube. 

Then say, as the given number added to twice the assumed cube is tb the assu- 
med cube added to twice the given number, so is the root of the assumed cube to 
the required root, neariy. 

And, by using in like manner the root thus found as an assumed cube, and pro* 
eeeding as above, another root will be found still nearer , and in the same manner 
as fhr as may be deemed necessary. 

Example.— What is the cube root of 10517.9 1 

Nearest cube, page 09 , 10648, root 22. 

10648. 10517.9 
2 2 



21296 21035.8 
10517.9 10648. 



31813.9 : 31683^ : : 23 : 21.94- ^ns. 

To extract any Root whatever. 

Let P represent the number, 

n ^ the index of the power, 

A " the assumed power, r its root, 

R ** the required root of P. 

Then say, as the sum of «+lXA and n— IXP Is to the sum of n+lXP and 
#— IX A, so is the asswned root r to the reqiUred root R. 
ExAKFLB.— What is the cube root-of 1500 1 
The nearest cube, page 9^ is 1331, root 11. 
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tiien, 



P^ 1500, » = 3, A = 1331, r=:11 ; 

ji-flXA = 5334. n+lXPs=60GO 
f»— IXP =3000, n— IX A = 2662 

8334 : 9603 : : 11 : 114464- A 



ARITHMETICAL PROGRESSION. 

Akithm XTICAL Proorkssion ii a series of numbers increasiiig or decreasing by 
a coDstaat nuuiber or difference; as, 1, 3, 5, 7, 9, 15, 12, 9, 6, 3. Tbe numbers 
which form tbe series are called Term*; tiie first and last are called the R^ 
tremeSf and the others the Means, 

When any three of the follovidng parts are given, the remaining two ean be 
found, viz. : The Firat term, the iMst term, the Jf umber of terms, die Com kom 
DirrsRKHCB, and the Sun of all the terms. 

When the First Term^ the Common Differencef and the Number 

of Terms are given, to find the Last Term, 

RuLK. — Multiply the number of terms less one, by the common difference, and to 
the product add the first term. 

ExAKPLK. — ^A man travelled for 12 days, goli^ 3 vules tiie first day, 8tlM aeoaiid, 
and so on ; how far did he travel the last day 1 

12—1x5+3=58 JlnM. 

When the Number of Terms and the Extremes are given^ to find 

the Common Difference, 

Rou.-<-I>i>vide the difference of tbe exOemes, by one l«sf than the nuvber of 
terms. 

ExAiCFLB.— The extremes are 3 and 15, and the number of terms 7 ; what is the 
common difference 1 

When the Extremes and Number of Terms are given, to find the 

Sum of aU the Tetm^, . 
BvLB.— Multiply the number of ^mw by half the sum of Qie e^ttremi^s. 
BxAMPLK.— How many times does the hanuaa of a olock strike ia 13 hoi|rs 1 ; 

lSX(13'44t)s=78 .4m. 

When the Common Difference and the Extremes are given, tofiit4 

the Number of Terms, 

RuLK.— Divide the diffoence cS the extremes by the common difl^rencif^ and a4d 
one to the quotient. 

Example. — A man travelled 3 miles the first day, 5 the second, 7 the third, and 
80 on, till he went 57 miles in one day. How many days had he travelled at the 
close of the last day 1 

57— 34-H-l=s38 w9m. 

To find two Arithmetical Means between two given Extremes, 

RuLK.— Subtract the teas acureyie ^m the greater, and divide the difference by 
three, the quotient will be the common difference, which, being added to the less 
extreme, <Nr taken from the greater, will give the means. 

ExAMPLS.— Find two arithmetical means between 4 and 16. 

l(>--l-f-3=: .4 com. dlf. 
44-43= 8 one mean, 
16—4 rs IS aecood mean. 

To find any l^umber of Arithmetical Means between two Extremes, 

RiTLK.— Subtract the less extreme lirom tfie gveater, aad<div]de tbe diii^renioe by 
•M more than the number of meanaiequiirad-tp be A>tud» and thmi proceed M in 
tfie foregoing rale. 
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GEOMETRICAL PROGRESSION. 

GbomktricaIi PRoefticflnoH is any series of nttmbert continaally inereaslag Iff 
a etHUtant moltiptier, or decreasing by a coastant divisor. 

Af, 1. 2, 4, 6t 16, and 15, 7^ 3|. 

The constant multiplier or divieor is tiie Ratio. 

When any throe of :this fttUowing parts are given, the remaining two can be 
found, viz. : The First term, the Last tenDf the NuAbbr of terms, the Ratio, 
and the Sum or all thk Terms. 

When the Ratio, Number of Terms, and the First Term are given, 

to find the Last Term, 

RuLB. — ^Wiite a few of the leading terms of the series, and place their indicea 
over them^ heginning with a cipher. Add together the most convenient indices, to 
wake an index less by one than the n amber of the term sougtit. 

Multiply together the terms f>f the series or |)ov\'ers belonging to those IndiCOT, 
and the product, mottiplied by the first tenn, will be the answer. 

Note. — fVkeii the first term is equal to tAe ratio, the indices must begin witk a 
mnit. 

ExAMPLB.— The first term is 1, the ratio 2, and the number of terms 83 ; what is 
the last term % 

IndicM. 01334 5 tf 7 
Terms. 1, 2, 4, 8, 10, 33, 64, 128. 

l-f*f8-H+5+7=»«. 

138X32X16X8X4X2 = 4104304X1 = 4194304 ^m. 

VxjMTvk.^lf oa^ cent had been put oat at interest in 1630, what would it hara 
ttBlMmMd to in 1^ If h had doubted itself every 18 years 1 

1834^-16aOs= a04-S.|9s: IT.l-^-l = 18. 
18 3 4 7 

I, 8, 4, 8, 16, 128, 1+2-1-34-4+7 = 17. 
3X4 X8X 16 X 128 = 131073.x 1 = $1,310.72 wtM«. 

When the First Term, the Ratio, and the Number of Terms are 
given, to find the Sum of the Series. 

RuLB.— Raise the ratio to a power whoee itidex is ^ual to the number of terms, 
ftom which snbtract 1 ; then divide the remainder by the ratio leas 1, and multiply 
the quotient by the first-term. 

'EzAMFLB. — If a man were to boy 12 horses, giving 3 cents for the first horse, 6 
cents tbr the second, and so on, what would, they (K>st him t 

3>« 3531441— 1 = 531440«-(3— 1) = 2 = 2G5720X2 = $5,314.40 Jlns. 

By another Method, the greater Extreme being known. 



(Greater extremeXratJoMy^ ^^""^^q^ of the Series. 
Ratio —1 



Thvm 



354894x3-3== mg880 
3-1 



= $5,314.40, wf M., as abdNne. 



A TABLE OF GEOMETRICAL PROGRESSION, 

Whereby any questions of Cteometrical Progression proceeding from 1 , and 
of dovMe ratio, may be sok)ed by inspection, if t^ imnnber of terms ex- 
eeednoiSO. 



I 

9 
4 
S 
6 
7 



1 


8 


188 


15 


51 


9 


856 


10 


4 


10 


513 


17 


8 


11 


1034 


18 


16 


18 


sma 


19 


32 


13 


4006 


20 


I « 


U 


$198 


81 



16384 

3376H 

65536 

131079 

809144 

Se4388 

104S576 



83 
23 
34 
85 
88 
27 



8007153 
4194304 

16777816 




ns 
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39 


2684354dJB 


37 


68719476736 


44 


8796093033308 


30 


53687091S 


38 


137438953473 


45 


17593186044416 


31 


1073741834 


30 


374877906044 


46 


35]843730e883S 


V& 


3147483648 


40 


549755813888 


47 


70368744177664 


33 


4304967296 


41 


1099511627776 


48 


140737488355338 


34 


8589934592 


42 


3199033355553 


49 


381474976710656 


35 


17179869184 


43 


4398046511104 


50 


563949953431313 


36 


34359738368 




100 1 633835300114114700748351603688 



PERMUTATION. 

PERiTDTATioir is a tiile for finding how many different wajrs, any given nnmber 
of things may be varied in tlieir position. 

Bulk. — ^Multiply all the terms continually together, and the last product will be 
the answer. 

ExAXPLK.— How many variations will the nine digits admit of 1 
1X3X3X4X5X6X7X8X9 =363880 jIhm, 



^ 

COMBINATION. . 

CoKBnrATioif is a rule for finding how often a less munbar of tilings, can te 
chosen fhmi a greater. 

RvLK.— Multiply together the natural seriei^ It 3, 3, Adc, up to the number to be 
taicen at a time. Take a series of as many terms^ decreasing by 1, from the num- 
ber out of which the choice is to be made, and find their continued product. JX- 
vide this last product by the former, and the quotient is the answer. 

ExAXFLB. — ^How many combinations may be made of 7 letters out of 131 
IX 3X 3X4X5X6X7 = 5040. 

13x11X10x9X8X7X6 = 3991680-^5040 = 792 Jlns, 

ExAHPLK.— How many combinations can be made of 5 letters out of 10? 

10X9X8X7X6 



1X3X3X4X5 



= 353 Jlns. 



POSITION. 

Position is <^two kinds, Single and Double, and is determined by the number 
of Suppositions. 

SINGLE POSITION. 

Rule.— Take any number, and proceed with it as though it weie the correct 
one ; then say, as the result is to thelgiven sum, so is the supposed number to Uie 
number required. 

Example. — ^A commander of a vessel, after sending away in boats i, |, and ^ of 
his crew, had left 300 ; what number had he in command ? 
Suppose he had . 600. 

of 600 is 300 

of 600 is 100 

of600tol50 450 

150 : 300 :: 600 : 1300 Jlnt. 

Example.— A person being asked his age, feplied, if } of my age be multiplied by 
2, and that product added to half the years I have Uvea, the sum wiU be 75. How 
old was he 1 J3n$, 371 years. 

DOTTBLE POSITION. 
^VLB.— Take any two numbers, and proceed with each according to the coodi- 
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tknu of the qaestion ; multiply the results or errors by the contrary supposition ; 
that is, the first position by the last error, and the last position by the first error/ 

If the errors be too great, marie them + ; and if too little, — . 

Then, If the errors are alike, divide the difference of the products by the differ- 
stwe of the errors ; but if they are unlike, divide the awn of the products by the sum 
of the errors. 

Example.— F asked G how much his boat cost; he replied that if it cost him 6 
times as much as it did, and $30 more, it would stand him in S300. What was the 
price of the boat 1 

Suppose it coat . . 00 . . or 30 

6 times. 6 times. 

360 180 

and 30 more, and 30 more. 

300 SIO 

300 300 

00-1- 90— 

30 2d poaition. _eo Ut poaidon. 

90 3700 5400 

90 5400 

180) 8100 (45 AnM. 

.. Tao' 

900 
900 

ExAMPLB.-^What Is the length of a fish when the head is inches long, the tail 
as long as its head and half its body, and the body as long as both the bead and. 
tail 1 Ane. 6 feet. 



FELLOWSHIP. 

FiLLOwsHiP is a method of ascertaining gains <Hr lossea of individuals oigaged in 
Joint operations. 

RuLK.— As the whole stock is to the whole gain or loss^ so Is each share to the 
gain or loss on that share. 

EzAMPLB.— Two men drew a prize in a lottery, of $9,500. A paid $3, and B paid 
|8 for the ticket ; how much is each one*s share ? 

5 : 9.500 : : 3 : 5.700, A's share. 
, 5 : 9.500 : : 2 : 3.800, B's share. 



DOUBLE FELLOWSHIP, 

Or Fellowship with Time. 

RiTLB.— Multiply each share bv the time of its interest in the Fellowship ; then, 
aa the sum of the products is to the product of each interest, so is the whole gain or 
loaa to each share oi the gain or loss. 

ExAMPLi.— A ship's company take a prize of $10,000, which they divide accord- 
ing to their rate of pav and time of service on board. The ofiicers have been on 
board 6 months, and the men 3 months ; the pay of the lieutenants Is $100 ; mid- 
shipmen $50, and men $10 per month ; and there are 2 Deutenants, 4 midshipmen, 
ana SO men. What is each one's share ? 

3 lieutenants $100 = 900X6=1200 

4 midshipmen 50=300X6 = 1200 

somen 10=500X3 = 1500 

3000 

Lieutenants . . 3900 : 1300 : : 10.000 : 3.076.92-!- 3 = $1,538.46 
Midshipmen . 3900 : 1200 : : 10.000 : 3.076.92-}- 4= $769.33 

Men .... 3900 • 1500 : : 10.000 : &84a.l6.|^ as |76Jia 
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ALLIGATION. 

AXiUaATioN is a method of finding the mean rate or quality of different materiaki 
when mixed together. 

When it is required to find the mean price of the mixture^ observe the following 

RuLx. — Multiply each quantity by its rate, then divide the sum of these products 
by the sum of the quantities, and the quotient witi be the rate of the composition. 

Example. — If 10 lbs. of copper at 30 cents per lb., 1 lb. of tin at 5 cents, and 1 lb 
of lead at 4 cents, be mixed together, what is the value of the composition 1 

10X20 = 200 

IX 5= 5 

_VK 4= 4 

12 ) 209 (17./^ Ana. 

When the Prices and Mean PHce are given,, to find what Quantity 

of each Article must be taken. 

Rule 1. — Connect with a line each price that is less than the mean rate with 
one or more that is greater. 

Write the diderence between the mixture rate and that of each of the simples 
opposite the price with which it is connected ; then the sum r>f the differences 
against any price will express the quantity to be taJken of that price. 

Example. — ^How much gunpowder, at 73, 54, and 48 cents per pound, will com- 
poee a mixture worth 60 cents a pound ? 

48 ^ 12, at 48 cents ) 

54 cents > j?it«. 
72 cents S 



( 48 \ 12, at 

60<54\^ 12, at 

(73^ 12+6 = 18, at 



Proof.— 12X48+12X54+18X72= 2520+124-12+12+6 = 60. 

Should it be required to mix a definite quantity of any one article, the qtiantities of 
eaeky determined by the above rtde^ must be increased or decreased in the proportion 
they bear to the defined quantity. 

Thus, had it been required to mix 18 pounds at 48 cents, the result would be 18 
at 48, 18 at 54, and 527 at 72 cents per pnund. 

Again, when the whole composition is limited, say. 

As the sum of the relative quantities, as found by the above rule, is to the whole 
quantity required, so is each quantity so found to the required quantity of each. 

Example. — ^Were 100 pounds of the above mixture wanting, the result would be 
obtained thus : 



As 42 : 


100 : 


: 12 


: 38^. 


42: 


100 : 


: 12 


28i 


4S: 


100 : 


; 18 


:42*. 



COMPOUND INTEREST. 

If any principal be multiplied by the amount (in the following table) opposite 
the years, and under the rate per cent., the sum will be the amount of that prind" 
pal at compound interest for the time and rate taken. 

Example.— What is the amount of $500 for 10 years, at 6 per centt 
. TabQlarnomber . 1.7W84x500ai $805.43 .tfiw. 
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Table showing the amownt of £1 or $1^ ^c.^for any wumber of yean 
not eaxeeding ^^ at the rates of 5 cmd 6 per cent, compound interest. 



Tean. 


5 per cent 


1 


1.05 


3 


1.1025 


3 


1.15703 


4 


1.31550 


5 


1.27628 


6 


1.34009 


7 


1.40710 


8 


1.47745 


9 


1.55133 


10 


1.62889 


11 


1.71033 


13 


1,79585 



6 per cent. 



1.06 


13 


1.1336 


14 


1.19101 


15 


1.36347 


16 


1.33832 


17 


1.41851 


18 


1.50363 


19 


1.59384 


20 


1.68947 


81 


1.79084 


83 


Lracnfi) 


S3 


3.01319 


34 



Tean. 



6 per cent. 


6 per ceati 


1.88564 


2.13293 


1.97993 


3.36090 


2.07802 


3.39655 


3.18287 


3.54035 


3.39301 


3.69S77 


3.40661 


3.85433 


3.53605 


3.02550 


2.65339 


3.20713 


3.78596 


3.39956 


3.92526 


3.60353 


3.07153 


3.81974 


3.23509 


4.04893 



DISCOUNT. 

The Ttme, Rate per Cent.,, and Interest being given, to find the 

Principal. 

Bulb.— Divide the given interest, by the interest of $1, for the given rate and 
time. 

EzAMPLK.— What som of money at 6 per cent will In 14 months gain $14 1 

tl44-.07=:9900i4}w. 

The Principal^ Interest, and Time being given, to find the Bate 

per Cent. 

RuLB. — ^Divide the given interest, by the interest of tiie given sum, for the time, 
at 1 per cent. 

ExxHfLE.— A broker received $32.66 interest for the use of $400, 14 months ; 
what was that per cent. ? 
The interest on $33.65 for 14 months, is 4.66. 

82.66-H.66 = 7 per cent. Ans. 

The Principal, Rate per Cent,, and Interest being given, to find 

the Time. 

RVLX.— Divide the given interest, by the interest of the sum at the rate per cent, 
for one year. 

EzAM PLB.— In what time will $108 sain 11.34, at 7 per cent. 7 
The ioterest on $108 for one year is 7.56. 

11.844-7.56^ 1.5 years, Ant. 



EQUATION OF PAYMENTS. 

Multiply each sum by its time of payment in days, and divide the sum of the 
products by the sum of the payments. 

Example.— A owes B $300 hi 15 days, $60 in 13 dayB»and$350 in SO days ; when 
It the whirie due 1 

300X15=4500 

60X13= 720 

350X30 = 7000 

710 ) 13330 (17+ days. An*. 
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ANNUITIES. 

The Annuity, Time, and Rate of Interest given, to find the 

Amount. 

Rule. — Raise the ratio to a power denoted by the time, from which subtract 1 ; 
divide the remainder by the ratio iess 1, and the quotient, multiplied by the annui- 
ty, will give the amount. 

NoTK. — $1 or £X added to the given rate per cent, is the ration and the preceding 
table in Compound Interest it a taJble of ratios. 

ExAUPLK. — What is the amount of an annual pension of $100, interne 5 per 
cent., which has remained unpaid for four years 1 

1J)5 ratio ; then 1.05* = 1^21550635—1 =: .21550a35H-(1.0&-l).05= 4.310135X100= 
431.0135 doUars. 

The Annuity, Time, and Rate given, to find the Present Worth. 

Rule.— Find the valne of it for the whole time ; and this amount divided by the 
ratio, involved to the time, will g^ve the answer. 

ExAUPLB.- Wbat is the present worth of a pension or salaiy of ^500, to contfaiue 
10 years at 6 per cent, compound interest 1 

9500, by the last rule, is worth 96500.3975, which, divided by 1.0610 (by table, 
page 39, is 1.79064) = $3660.05 Ans. 
Or, by the following table, multiply the tabular number by the given annuity, 
and the product will be the present worth : 

Table showing the present worth of ^l or £1 oMnmJty^ at 5 and 6 per 
cent, compound interest, for any n/wmber of years under 34. 



Tesn. 



6 per cent 



6 per cent. 



TeuB. 



1 


0.95338 


0.94339 


18 


11.68958 


10.8376 


3 


1.85941 


1.83339 


19 


13.08533 


11.15811 


3 


3.73335 


3.67301 


30 


13.46331 


11.46093 


4 


3.54595 


3.4651 


31 


13.83115 


11.76407 


5 


4.33948 


4.31336 


S3 


13.163 


13.04158 


6 


5.07569 


4.91733 


S3 


13,48807 


13.30338 


7 


5.78637 


5.58338 


34 


13.79664 


13.55035 


8 


6.46331 


6.30979 


35 


14.09394 


13.78335 


9 


7.10783 


6.80169 


36 


14.37518 


13.00316 


. 10 


7.73*73 


7.36008 


37 


14.64303 


13.31053 


11 


8.30641 


7.88687 


38 


14.89813 


13.40616 


13 


8.86335 


8.38384 


39 


15.14107 


13.59073 


13 


9.30357 


8A'i368 


30 


15.37945 


13.76483 


14 


9.89864 


9.39498 


31 


15.59381 


13.93908 


15 


10.37966 


9.71335 


33 


15.80368 


14.06308 


16 


10.83777 


10.10589 


33 


16.00855 


14.33917 


17 


10.37407 


10.47736 


34 


. 16.19S9 


14.36613 



5 per OBiit. 



6 per cent 



ExAMPLK.— Same as above ; 10 years at 6 per cent gives 

7.36006X500 = 93660.04 .ans. 

When annuities do not coroqienee till a certain period of time, they are said to be 
in Rkversion. - 

To find the Present Worth of an Annuity in Reversion. 

Rule. — Take two numbers under the rate in the above table, viz., that oppo* 
site the 0am of the two given times and that of the time of reversion, and multiply 
their diflerence by tlie annuity, and the product is the present worth. 

Example. — What is the present worth of a reversion of a lease of 940 per an- 
num, to continue for six years, but not to commence until the end of 3 years, al* 
lowing 6 per cent, to the purchaser ? 

By table, 8 yeftrs .... 6.30979 
*« 3 " .... 1.M339 

4.37640X40=9175.05 Jlns 



PERPETUITIES— CHEONOLOaiCAL PROBLEMS. 



4jl 



For half yearly and quarterly payments, the amount for the pven time, multi- 
plied by the' number in the following table, will be the true amount : 



Rate per ct 


Balfyearlj. 


Qutrterly. 


Rate per ct. 


Half yearly. 


Qmnerly. 


3 


1.007445 


1.011181 


H 


1.013567 


1.020395 


3i 


1.008675 


1.013031 


6 


1.014781 


1.022257 


4 


1.0099C2 


1.014877 


6i 


1.015993 


1.024055 


^ 


1.011126 


1.016720 


7 


1.017204 


1.025880 


5 


1.01S348 


1.018550 









ExAMPLB.— What will an annuity of $50, payable yearly, amount to in 4 years 
at 5 per cent, and what if payable half yearly 1 

By table, page 39, 
1.21550— l-f-(1.05—l) =4.310X50 = $215.50 Jlns^ for yearly payment, 
and . . 215i50Xl.013348 = 9318.16 ** half yearly do. 



PERPETUITIES. 

PERPBTumcB are inch annuities as continue forever. 

Rdlk.— Divide the annuity by the rata per cent, aad the quotient will be the 
answer. 

Example. — What is the present worth of a $100 annuity, payable semi-annually, 
at5perceni4 

100-s..05 = 2000XlJ012348 (from preceding table) =$2,034.70 Jins. 

For Perpetuities in Reversion^ subtract the present worth of the annuity for the 
time of reversion fttMn the worth of die annuity, to commence immediately. 

Example. — What is the present worth of an estate of $50 per annum, at 5 per 
cent., to commence in 4 years 1 

50-f-.05 =1000. 

$50, for 4 years, at 5 per cent =3.54595 (from table) X50= 177.29 

$822.71 Jhu*, 
which in 4 years, at 5 per cent compound interest, would produce $11)00. 



CHRONOLOGIOAL PROBLEMS. 

The Golden Number is a period of 19 years, in which the* changes of the moon 
fall on the same days of the month as before. 

To find the Golden Number^ or Lunar Cycle. 

Rule.— Add one to the given year; divide the- gum by 19,. and the remainder i» 
the golden number. 

ICoTB.— /f rema»n, it itiU be 15. 

Example.— What is &e golden number for 1830 1 ' 

18304-14-19=96 reM. 7 



To find the Epact, 

EDLR.—Dlvide the centuries of the given year by 4 ; molttply the remainder by 
17, and to this product add the quotient, multiplied by 43; divide f his sum plus 86 
by 25, multiplying thu golden number by 11, from which subtract the last quotient, 
and, rejecting the 30*8, the remainder will be the answer. 

Example.— Required the epact for 1830. 

Centuries. 18+4=4.2 2X17=34. 4X43=173-f-34 = 2064r86=29S-f-25 = ll, 

last quotient 
Golden niunber, as asceitain^d above, 7X11 = 77—11 (last quotient) is 66,R|{ectinf 

30's=6.^n«. 



Example.- What is the epact for 1839 1 



j9fM 15. 



42 TABLE OP EFACTS, DOMINICAL LETTEBS, ETC. 

TO FIND THE MOON'S AQE ON ANY GIVEN DAT. 

n^l Ihe Wi. Bnd ibe inswer ivLII be Uie oioaii'i nts. 
Niimberi of the Month. 

Joniuiy 0, I AprlL 3. I JiiLv 1 I OcUbar 

Febriurr %, May 3. 

Huch I, I JUDS 4, 

EiiKFti.— For Sib February, 1941. 

Given day . . El 

Epoct . TM4, sgsoribeli 



September 8, 



Table of Eptuis, Dominuai LetUn, aTid an Almanac, from 1776 te 1875. 



^S^ 


A,p-. 


«,,. 


tw*- 


»" 


"'"'" 


w 


8 


1 

B 


3 
10 


4 


a 

JS 


e 

13 


14 




U 




18 


IS 


9D 


31 












2T 




IB 


M 


31 











FROMISCtfOt»3 QUESTIONS. 43 

U*9 of the Table — To find the day of the week oa which: any given day of 
the month falls in any year from 1776 to 1875. 

ExAMPLK.— The great fire occurred in New-Yoric on the 16th December, 1835; 
wliat was the day of the week 1 

Against 1835 we find Smiday, and at top, under December, we find that the 13th 
was Sunday ; consequently, the 16th was Wednesday. 



PROMISCUOUS QUESTIONS. 

1. If $100 principal gain $5 interest in one year, what amount 
will gain $20 in 8 months 1 

As 12 months : 5 : : 8 months : 3.33, the interest for 3 months. 
And, as 3.33 : : 100 : : 20 : 600 the answer. 

2. A reservoir has two cocks, through which it is supplied ; by 
one of them it will fill in 40 minutes, and by the other in 50 min- 
utes ; it has also a discharging cock, by which, when full, it may be 
emptied in 25 minutes. If the three cocks are leH open, in what 
time would the cistern be filled, assuming the velocity of the water 
to be uniform 1 

The least common multiple of 40, 50, and 25 is 200. 

Then . . the 1st cock will fill it 5 times in 200 minutes, 

the 2d " 4 " 200 " 

or both 9 times in 200 minutes ; and, as the discharge-cock will 
empty it 8 times in 200 minutes, then 9— 8 = 1, or once in 3.%0 
hours, Ans. 

3. Out of a pipe of wine, containing 84 gallons, 10 gallons were 
drawn off, and the vessel replenished with water ; after which 10 
gallons of the mixture was likewise drawn off, and then 10 gallons 
more of water were poured in, and so on for a third and fourth time. 
It is required to find how much pure wine remained in the vessel, 
supposing the two fluids to have been thoroughly mixed 1 

84—10 = 74 
As 84 : 10 : : 74 : 8.80952 

84 : 10 : : 65.19048 : 7.76077 
84 : 10 : : 57.42971 : 6.83687 
6.83687 

50.59284 Ans, 

4. A traveller leaves New- York at 8 o'clock in the morning, and 
walks towards New-London at the rate of 3 miles an hour, without 
intermission; another traveller sets out from New- London at 4 
o'clock the same evening, and walks for New-York at the rate of 4 
miles an hour, constantly ; now, supposing the distance between 
the two cities to be 130 miles, whereabout on the road will they 
meetl 

From 8 o'clock till 4 o'clock is 8 hours; therefore, 8x3=24 
miles, performed by A before B set out from New-London ; and, con- 
Bcquently, 130—24 = 106 are the miles to travel between them after 



M PSOMISCUOVS QUESTIONS. 

that. Hence, as 7 = 3+4 : 3 : : 106 : ^ == 46f more miles traT. 

elled by A at the meeting ; consequently, 24+45^ == 69^ miles from 
New- York is the place of their meeting. 

5. What part of $3 is a third part of $3 1 

Joff ofJ = JXfxi = } Atw. 

6. The hour and minute hand of a clock are exactly together at 
12 ; when are they next together t 

As the minute ha<id runs 11 times as fast as the hour hand ; then, 
11 : 60 : : 1 : 5 min. 5,^ sec. The time, then, is 5 min. 5^ sec 
past 1 o'clock. 

7. The time of the day is between 4 and 5, and the hour and min- 
ute hands are exactly together ; what is the time 1 

The speed of the hands is as 1 to 11. 
4 hours X 60 =240, which H-H = 21^ min. added to 4 hours, 
Ans. 

8. A can do a piece of work in 3 weeks, B can do thrice as 
much in 8 weeks, and C five times as much in 12 weeks ; in what 
time can they finish it jointly 1 

Week. Week. Week. 

As 3 : 1 : : 1 : 1 work done by A in one week. 
8 : 3 : : 1 : I " B " 

12 : 5 : ; 1 :y\ * « C " 

Then, by addition, j+i+Ti will be the work done by them all in 
one week; these, reduced to a common denominator, become || 
+114-?^ = fi= I; whence, 9 : 6 : : 8 : 6j Ans. 

9. A cistern, containing 60 gallons of water, has 3 unequal cocks 
for discharging it ; one cock will empty it in 1 hour, a second in 2 
hours, and a third in 3 hours ; in what time will it be emptied if they 
all run together 1 

First, i would run out in 1 hoar by the second cook, and ^ by 
the third ; consequently, by the 3 was the reservoir supplied one 
hour. ^+^+1 = T+f +f being reduced to a common denominator, 
the sum of these 3 =: V ; whence the proportion, 1 1 : 60 : : 6 : 32^ 
minutes, the time required- 

10. What will a body, weighing 10 lbs. troy, lose by being carried 
to the height of 7 miles above the surface of the earth 1 

A* the gravitation or weight of a body above ike earth is inversely as 
the square of its distancft and the earth's diameter being, say 3993 mUes^ 
then 3993+7 = 4000. 

And, as 4000' : 3993' : : 10 : 9.965 lbs., Ans. 

11. Suppose a cnhic inch of common glass weighs 1.49 ounces 
troy, the same of sea water .59, and of brandy .53. A gallon of this 
liquor in a glass bottle, which weighs 3.84 lbs., is thrown into the 
water. It is proposed to determine if it will sink ; and if so, how 
much force will just buoy it up \ 

3.84x12+1.49 = 30.92 cubic inches of glass in the bottle. 
231 cubic inches in a gallon x.53 = 122.43 ounces of brandy. 
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Then, bottle and brandy weigh 3.84 x 12+ 122.43 = 168.51 ounces, 
and contain 261.92 cubic inches, which, x.59 = 154.53 ounces, the 
weight of an equal bulk of satt water. 

And, 168.51 — 154.53 = 13.98 ounces, the weight necessary to sup- 
port it in the water. 

12. How many fifteens can be counted with four fives 1 Am, 4. 

13. What is the radius of a^ circular acre 1 

(Side of a square x 1.128 = diameter of an equal circle.) 
208.710321, the side of a square acre, xl.l28 = 235.50-7-2 (for 
radius) = 117.75 feet, Ans. 

14. From Caldwell's to Newburg is 18 miles ; the current of the 
river is such as to accelerate a boat descending, or retard one as- 
cending U miles per hour. Suppose two boats, driven uniformly at 
the rate of 15 miles per hour through the water, were to start one 
from each place at the same time, where will they meet 1 

Call X the distance from N to the place of meeting ; its distance 
from C, then, will be 18 — x. 

Speed of descending boat, 15-f-1.5 = 16.5 miles per hour.' 
Speed of ascending boat, 15---1.5 = 13.5 miles per hour. 

T^-z = time of bbat descending to point of meeting. 

JO.O 

18— « 

= time of boat ascending to point of meeting. 

X 18— X 
These tunes are, of course, equal ; therefore, -^-^ = ,- , . 

16.5 19.5 

Then, 13.5a: =297— 16.5x, and 13.5x-M6.5x = 297, or 30x = 297. 

297 
Hence, x =— - = 9.9 miles, the distance from Newburgh, Ans. 

15. A steamboat, going at the rate of 10 miles per hour through 
the water, descends a river, the velocity of which is 4 miles per 
hour, and returns in 10 hours ; how far did she proceed 1 

Let X = distance required, rrrr-r = ^^^^ of going, f.-—^ = time of returning. 

ii+f = 10; 6x-|-14x == 840 ; S0xs:840; 840-|.90 = 48, ^m. 
14 6 

16. The flood tide wave of a river runs 20 miles per hour, the 
current of it is 3 miles per hour. Assume the air to be quiescent, 
and a floating body set in motion at the coomiencement of the flow 
of the tide ; how long will the body drift in one direction, the tide 
flowing six hours from each point of the river 1 

Let X be the time required ; 20z = distance the tide has run up, together with the 
distance which the floating body has moved ; 3z= whole distance which the body 
has floated. 

Then 20x— 3x=6X90, or the length in Biiles of a tide. 
30 



x=: 



-X6 = 7 hours, 3 minutes, 31-|^^ seconds, Ans. 



20—3 

17. If a stieamboat, going uniformly at the rate of 15 miles in an 
hour through the water, were to run for 1 hour with a current of 5 
miles per hour ; then, to return against that current ; what length of 
time would she require to reach the place from whence she started ! 

15-1-5 = 20 miles, the distance gone during tbe hour. 

Then 15—5 = 10 miles, is her effective velocity per hour when returning, and 
90-1-10 = 3 hours, the time of returning, and a-J-1 = 3 hours, or the whole time 
occupied, wlM. 
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GEOMETRY. 

Definitions, 

A Point baa positkm^ b«t xuat magnitude. 

A Line is length without breadth, and is either Rightf Curved^ or Mvud. 
A Ri^hi Line is the shortest distance between two points. 
A Mtxed Line is composed of a right and a curved line. 
A Superficies has length and breadth oply, and ia plane or oiirved* 
A Solid has length, breadth, and thickness. 

An Angle is the opening of two lines having different directions, and is either Right t 
'Acute^ or Obtuse. 

A Right Angle is made by a line perpendicular to another, falling upon it. 
An Acute Angle is less than a right angle. 
An Obtu0e Angle is greater than a right angle. 
A Triangle is a figure of three sides. 
An Equuaterai Triangle has all its sides equal. 
An Isosceles Triangle has two of its sides equal 
A Scaiene Trumgle has all its aides unequal. 
A Right-angled Triangle has one right angle. 
An Obtuse'Ongled Triangle haa one obtuse angle. 
An Acute-angled Triangle has all its angles acute. 

A Quadrangle or Quadrilateral is a figure of four sides, and haa the following par- 
ticular names, viz. : 

A ParaUelogramt having its opposite sides parallel. 

A SquarCj having length and breadth equal. 

A Rectangle^ a panillelogtam having a right angle. 

A RhonUms (or Lozenge), having equal sides, but its angles not right angles. 

A Rhomboidj a parallelogram, its aoglea not being light angles. 

ATVirjiezium, having unequal sides. 

A Trapezoid^ having only one pair of opposite sides parallel. 

Note. — A Triangle is sometimes called a Trigonj and a Squqre a Tetragon. 

PoLTooNs are plane figures having more than four aides, and are either Regular 
or Irregular, according as their aidea and angles are equal or unequal, and they are 
samed frem the number c€ their sides or angles. Thus : 

A Pentagon has five sides. 

A Hexagon " six 

A Heptagon " seven 

An Octagon " eight 

A Nonagon • " nine " 

A Decagon '* ten " 

An Undecagon " eleven ." 

A Dodecagon " twelve ** 

A CiBCLE is a plane figure bounded by a curve line, called the Cvrcumferenee (or 
Periphery). 

An Are is any part of the drcumfeienee of a oirole. 

A Cftord in a right lin^ joining the extxemities of an am, 

A Segment of a circle is any part bounded by an arc and its chord. 

The Radius of a circle is a line drawn from the centre to the circumference. 

A Sector is any part of a circle bounded by an arc and its two radii. 

A Semicircle is half a circle. 

A Quadrant is a quarter of a circle. 

A Zone is a part of a circle included between two parallel chorda. 

A Lune ia the apace between the intersecting area of two eccentric circlea. 

A Gnomon is the space included between the lines forming two similar parallelo- 
grams, of which the smaller is ijoscribed within the larger, so as to have one angle in 
each common to both. 

A Secant is a line that cuts a circle, lying partly within and partly vdthout it. 

A Cosecant is the secant of the complement of an arc. 

A Sine of an arc ia a line running from one extremity of an aro perpendicular to a 
diameter passing through the other extremity, and the sine of an angle is the sine of 
the arc that measures that angle. 

The Versed Sine of an arc or angle is the part of the diameter intercepted between 
the sine and the aro. 
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Hie Cosine of an arc or angle is the part of the diameter intercepted between the 
•ine and the centre. 

A Tangent is a right line that tonches a circle without catting it. 

A Cotangent is the tangent of the complement of the arc. 

The drcmnference of eyer^ circle is supposed to be divided into 360 equal parts 
citlled Degrees ; each degree into 60 JUinuteSj and each minute into 60 Secondsy vdA 
so OQ. 

The Complement of an angle is what remains after subtracting the angle from 00 ' 
degrees. 

The Supplement of an angle is what remains after subtracting the angle finnn IM 
degrees. 

To exemplify these definitions, let A c &, in the following diagram, be an assumed 
aro of a circle described with the radius A fi. 




B A;, the Cosine of the arc A c 6. 

A g^ the Tangent of do. 

C B 6, the Complement, and 6 B E, fh» 
Supplement of the arc A c 6. 

C gf the Cotangent of the arc, written 
cot. 

BiTf the Coaectaa of the are, written 
cosec. 

m 6, the Covertett sine of the arc, or, bj 
convention, of the angle Jl Bb; written 
corersin. 



A c ft, an Arc of the circle A C E D. 

A *, the Chord of that arc. 

e D ^, a Segment of the circle. 

A B, the Radius. 

A B 6, a Sector. 

A D £ B, a Semicircle. 

C B E, a Quadrant. 

A e (2 E, a Zone. 

R A, a Lune. 

B gy the Secant of the arc Xch. 

b Ky the Sine of do. 

A k, the Versed Sine of do. 

A Prism is a solid of which the sides are parallelograms, and are of three, four, 
fire, or more sides, and are upright or oblimie. 

A Parallelopipedon is a solid terminated by six parallelograms : thus, a four-sided 
prism IS a parallelopipedon. 

A Pyramid is a solid bounded by a number of planes, its base being a rectilinear 
figure, and its faces triangles, terminating in one point, called the summit or vertex. 

It is regular or irregular, upright or oblique, and triangular, quadrangular, and so 
on, from its equality m sides, inclination, oi number of sides. 

A Cylinder is a solid formed by the rotation of a rectangle about one of its sides, at 
rest ; this side is called the axis of the cylinder. It is right or oblique as the axis is 
perpendicular or inclined. 

An Ellipse is a section of a cylinder oblique to the axis. (See Conic Sbctiohs, 

Ji Sphere is a solid bounded by one continued surface, every point o£ which, i» 
•qually distant from a point within the sphere, called the eentre. 
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Fn» die omtie o* draw • r, o v, Ac. 

nnovgh Hf m, 4ec., draw A B, B C, dec, pexpendicnlar to o % • m, and ooiiipl«te 
thefigfora. 

NoTS.— iiny other 90l9goH may fte made in a nms2ar moriiMr, &y inmimg taitgenU 
to the poitUSi first dk/Uing thtm in the circle. 

Upom a given Line A B, to form an Octagon— Jig. 3. 
RuLB.— On the extremities of A B, erect indefinite perpendiculars A F, B E, pro- 
dnce A B to m and a, and bisect the angles m A e and n B/ with A H and B C. 
Make A H and B C equal to A B, and draw H G, C D, parallel to A F, and equal 

toAB. « -. . . ™ « 

From O and D, u centres with a radius equal to A B, describe arcs cutting A F, B 
B, in F and E. Join O F, F E, and E D, and the figure is made. 

Circles and Squares. 





To ieecribe a CireXe that shdU pass through anjf three given Points j as KB C—Jlg. 4. 

RuLI. — Upon the points A and B, with any (^ning of the diriders, describe two 
arcs to intersect each other, as at e « ; on the points A C describe two more to inter- 
sect each other in the pointe e c ; draw the lines e e and c c, and where these twc 
lines intersect e, place one foot of the dividers, and extend the other to A, B, or C, 
and it will pass through the three given pointe as required. 

To make a Square eqwd to a given Triangle— fig. 5. 

Let B d E be the triangle given. 

RuLB.— Extend the side of the triangle B E to O, making E O equal to half the 
length of the perpendicidar of the trianrle A d. Divide B O into two equal parte in 
K, and with the distance K B describe the semicircle B H O. Upon E erect the per- 
pendicular E H, which will be the side of a square, equal to the triangle B d E. 




Triangles and Squares. 

1 




To make an Equilateral Triangle equal to two given Eptilaleral TViangles—fig. 6. 

Let the given equilateral triangles he A and B. 

RuLB.-^raw a right Une C D equal in length to one side of the triangle B. 
Erect the perpendicular D E, equal in length to one side of the triangle A. 

Draw C £, and complete the equilateral triangle C £ F, and it will be equal in 
fttantitx to the two given equilateral triangles A and B. 

To make a Square equal to two given Squares— fig. 7. 
Let the two squares given be A and B. 

E 
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RvLB.— Draw the line C F, equal in length to 000 side of tha la m ut tvuH* ▲ 
Rniae the perpendicular E F, equal in length to one aide of the nnaUBst iquan B. 
Draw C E, and C E ia the side of the square C £ G O, which is equal in quanti^ 
to tiM two given squares ▲ and B. 

Circles and Ellipses. 

9. 





Two CircU»j F and G, being gtven, to make another of ejptal quantity— fig, 8. 

Rule. — Upon the diameter of the largest of the two circles at the point D, erect 
the perpendicular D £, equal in length to the diameter A B of the least circle. 

Draw B E, and divide it into two equal parts in O ; take the distance B O or O E, 
and describe a circle. This circle will be equal in quantity to the two given cixclee F 
andG. 

To deaeribe an Ellipee of any given lengthy without regard to breadth— fig. 9. 

Let A B be the given length. 

Rule.— Divide it into three equal parts, as A « « B. Then, with the radiut A f, 
describe A F 1 n C ; and from t, the circle B D n » o E ; then vnth n F and G de- 
scribe F E and D, and you have the ellipse required. 



la 



11. 




7\> desert an Ellipse to any length and breadth given— fig. 10. 

Let the longest diameter given be the line F, and the shortest G. 

RuLS.^Make A B equal to F, and C D to G, dividing A B equally at right angles 
in a. 

Make A equal to D C, and dividing B into three equal parts, set off two of 
those parts from a to 6 and from a to c, then with the distance c b make the two 
equilateral tritagles c db and c « 6, these angles are the centres, and the sides being 
continued are the lines of direction for the several arcs of the oval A C B D. 

"NoTE.-CarpenterSy Bricklayerty and Masons are oftentimes obliged to work an 
architrave, ^c, about windows, of this form : they may, by the help of the four centres 
e, d, b, e, and the lines of direction hd,ef,dg,e t, describe another line around th^ 
^ormerf tmd at any distance required, as hxfg. 



•nmETKT. 
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T9 ittenbe am fflitpve U any Ungtk md hreadik reptiredt mwtktr wof—fig. 11. 

Let the longest diameter be A, and the shortest B. 

RUJ.X.— Dnw the line C D equal in length to A ; also E F equal ia length to B, 
«lid at right ang^a with C D. 

Take the distance C O or O D, and with it, from the point £ and F, deacribe the 
wea h and / npoh the diameter C D. 

Strike in a nail or pin at h and at/, and pat a string around them, of snoh a length 
that the two ends may just reach to £ or F. 

Introduce a pencil, and bearing upon the string, cany it around the centre O, and 
it will describe the ellipse required. 





To find the Cenire and two diameterg of an Ellipse— fig. 13. 

Let A B C D be the ellipse. 

RvLS.— Draw at pleasure two lines, Q G, M O, parallel to each other ; bisect them 
in the points H N, and draw the line P £ ; bisect it in K, and upon K, as a centre, 
dascrilM a circle at pleasure, as F L R, cutting, the figure in the points F L ; drew the 
right line F L, bisect it in I, and through the points I K drew the greatest diameter 
A C, and through the centre K draw the least diameter B D, parallel to the line F L. 

To draw a Spiral lAne about a given Point— fig. 13. 

Let B be the centre. 

RuLB.— Drew A C, and diride it into twice the number of pares that there are to 
be revolutions of the line. Upon B describe K I, G F, H £, dsc, and uiwn I describe 
K F, G E, &e. 

Polygons, 




J 
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Upcn a gwen tine, to ietcnU any Polygon bejfond a Pwttg m t f ig. 14 

L«t A B be the giren line. 

Rule.— Bisect the line A B in Q, and erect the perpendicular Q P. From the 
point A describe the arc B H, and from B the arc A H, and diTide B H into equal 
parts, as H 1, 8, 8, 4, 5, B. 

Let a pentagon be required. From the point H, with the interral H 1, describe tlie 
arc 1 7, and the point I will be the centre of a circle oontaininf the given line A B 
five times, the interval I B being the radius thereof. Take the point II for the cen- 
tre of another circle, and H B for the radios ; this circle will contain the line A B sii 
times. From the point 7, with the radius 7 B, a circle drawn will contain A B seren 
times. From the point H, with the interval H 3, describe the arc 2 8 ; and from the 
point 8, with the radius 8 B, draw a circle, and A B shall be the side of an octagon. 
From 0, with the radius 9 B, you form a nine-sided figure ; from 10 a ten-nded 
figure ; and so on to 12. 

Arches, 




To describe an EUiptie Arch on the Conjugate Diameter— fig. 15. 

R(7LB. — ^Draw the diameter A B, and in the middle at A, erect the perpendicular 
k o, equal to the height of the arch ; divide the perpendicular k o into two equal parts 
at e ; continue the line A B on both sides at pleasure, and from the pmnt ft, witn the 
distance k o, define c and d; through c eydei draw c ef and d e ^ at pleasure ; d 
and c are centres for the arcs A g and B/, and e the centre for the arc g of, which 
will form the arch required. 

To draw a GotMe Arth—fig. 16. 

Rdle 1.— Take the length of the line A B, and on the pointi A and B describe th* 
ares A c and B d, and it will complete the arch required. 

RuLX 2,>^. 17.— Divide the line A B into three equal parts, at e and d; take A d 
or B c, and describe B e or A e, and it will give an arch ctf another form. 





RuLX 3,jf^. 18.— Divide the line A B also into three equal parts, c /; tiom the 



GBOMSTRT. &d 

points A and B let hXL the perpendicultiTB A e and B dy equal in length to two of the 
amsions of the line A B ; draw the lines c h and d g : from the points e f, with the 
length of/ B, describe the arcs A g and B h, and from the points c d describe the arcs 
g i and i h, and it will complete another Gothic arch. 

RuLR 4tfig. 19.— As before, divide the line A B into three eqnal parts at a and h, 
and on the points A «, 6 B, with the distance of two divisions, make fonr arcs inter- 
•ectiog at c d- Through the points c d and the divisions a 6, draw the lines c f and 
d e* anid on tne points a and b describe the arcs A e and B /, and on the points c d the 
arcs e g tuidfg, and it will comidate another Gothic arch. 

£2 
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CONIC BECTtONS. 



CONIC SECTIONS. 

Dtfiniiiotu. 

A Cone ia a aolid figure having a circle for ita baau, and temun»- 

ted in a vertex. 

Cmic Seciioni are Ihe fipres made by a plane cultinf a cone. 

An Ellipit 18 the sectiOD of a cone when cut by a plane obliqud 
through bath aides. 

A ParahoU is the atetion of a cone when cut by a plane paraOal 
to its side, 

A HyptTbola is Ibe aection of a cone when cut by a plane, makiog 
a greater angle with the base than the aide of the cone makes. 

The Trarunerte Axu is the longest straight line Uiat can be drawn 

The Conjugate Axu is a line drawn throu^ the centre, at right 
anglea to the tranaverse axia. 

An Ordinaic is a right line drawn from any point of the carvs 
perpendicular to either of the diameters. 

An Abacitta is a part of any diameter contained between its ver- 
tex and an ordinate. • 

The Parameler of any diameter la a third proportional to that di> 
ameier and its conjugate. 

The Foeat is the point in the axis where the ordinate is equal to 
half the parameter. 

A Conoid is a solid generated by the revolving of a parabola or 
t^perbola around its axis. 

A Spheroid is a solid generated in like manner to a conoid by an 



a Paratolai—fig. 1. 
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Draw an isosceles triangle, A B D, whose base shall be «qual to 
that of the proposed parabola, and its altitude, C B, twice that of it. 

Divide each side, A B, D B, into 8, or any number of equal parts ; 
then draw lines 1 1, 2 2, 3 3, &c., and their intersection will define 
the curve of a parabola. 

Jiom.—ThefoUomngfyiures an drawn to a ietHe of 100 partt to an inek. 

To construct an HyperbolOf* the Trannerse and Conjugate Diameters 

bemg given^^fig, 2. 




Make A B the transverse diameter, and C D, perpendicular to it, 
the conjugate. 

Bisect A B in O, and from O, with the radius C or O D, de- 
scribe the circle D /c F, cutting A B produced in F and /, which 
points will be the foci. 

In A B produced take any number of points, n n, &c., and from 
F and /, as centres, with B n, A n, as radii, describe arcs, cutting 
each other in s s, dec. 

Through s », d&c, draw the curve sBSf and it will be the hyper- 
bola required. 



3. 



ELLIPSE. 




* To duseribe hypeibolas by another method, mo Oreffory's MatlMmatics, p, 10 
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Tofini the length of the Ordinate, E F, of an EUipae, the Trdfutertij A 
B, Conjugatet C D, And Abscissa, A F and F D, being known-^fig. 8. 

RuLB. — As the transverse diameter is to the conjugate, so is the 
square root of the product of the abscisse to the ordinate which 
divides them. 

Example. — The transverse axis, A 6, is 100 ; the conjugate, C D, 
is 60; one abscissa, B F, is 20 ; the other, A F, is (100— 30)=: 80. 

100 : 60 : : v'^OxSO : 24 Ans. 

The Transverse and Conjugate diameters, and an Ordinate being known, 

to find the Abscissa — fig. 3. 

* 

Rule. — As the conjugate diameter is to the transverse, so is the 
square root of the difference of the squares of the ordinate and semi- 
conjugate to the distance between the ordinate and centre ; and 
this distance, being added to and subtracted from the semi-trans- 
verse, will give the abscissas required. 

Example. — The transverse diameter, A B, is 100 ; the conjugate, 
C D, is 60 ; and the ordinate, F E, is 24. 

60 : 100 ! : ^24«— 30« : 30^ distance between the 

ordinate and centre ; 
then 100-r2-^30=20, one abscissa; 

100-7-2+30=80, the other abscissa. 

When the Conjugate, Ordinate, and Abscissa are known, to find the 

Transverse— fig. 3. 

Rule. — To or from the semi-conjugate, according as the greater 
or less abscissa is used, add, or subtract the square roof of the dif- 
ference of the squares of the ordinate and semi-coAjngate. Then, 
as this sum or difference is to the abscissa, so is the conjugate to 
the transverse. 

Example. — The ordinate, F E, is 24 ; the less abscissa, F B*, is 
20 ; and the conjugate, G D, is 60. 

80— ^24«— 30« =^ 12 ; 
then 12 : 20 : : 60 : 100 Ans, 

The Transverse, Ordinate, and Abscissa being given, to find the Con- 

jugatiB^fig. 3. 

Rule. — As the square root of the product of the abscissae is to the 
ordinate, so is the transverse diameter to the conjugate. 

ExAMPLE.-^The transverse is 100, the ordinate 24, one abscissa 
20, the other 80. 

^80X20 : 24 : : 100 : 60 Ans, 

PARABOLAS. 

Any three of the four following terms being given, viz., any two Or^ 
dinates and their Abscissa, to find the fourth-^-fig, 4. 

Rule. — ^As any abscissa is to the square of its ordinate, so is any 
ither abscisfia to the square of its ordinate. 
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i!^zAMPLE. — The abscissa, e g^ is 50, its ordinate, e g, 215.35 ; re- 
quired the ordinate A F, whose abscissa, e F, is 100. 

60 : 35.35* : ; 100 : v^2500 == 50 An». 



HYPERBOLAS. 
B 




When the Transverse, the Conjugate, and the less Abscissa, B n, are 
given, to find an Ordinate, e n — fig. 5. 
Note. — In hyperbolas, the U»» abscissa, added io the axis, gives the greater. 

Rule. — ^As the transverse diameter is to the conjugate, so is the 
square root of the product of the abscissae to the ordinate required. 

When the Transverse, the Conjugate, and an Ordinate are given, to 

find the Abacisste—fig. 5. 

Rule. — To the square of half the conjugate add the square of the 
ordinate, and extract the square root of that sum. 

Then, as the conjugate diameter is to the transverse, so is the 
square root to half the sum of the abscissae. 

To this half sum add half the transverse diameter for the greater 
abscissa, and subtract it for the less. 

When the Transverse, the Abscissa, and Ordinate are given, to find 

the Conjugate— fig. 5. 

Rule. — As the square root of the product of the abscissae is to 
the ordinate, so is the transverse diameter to the conjugate. 

When the Conjugate, the Ordinate, and the Abscissa are^ given, to find 

the Transverse-^fig. 6. 

Rule. — Add the square of the ordinate to the square of half the 
conjugate, and extract the square root of that sum. 

To this root add half the conjugate when the less abcissa is used, 
and subtract it when the greater is used, reserving the difference 
or sum. 

Then, as the square of the ordinate is to the product of the ab- 
scissa and conjugate, so is the sum, or difference above found, to 
the transverse diameter. 



56 ooKic sscnoKS. 

Examples. — In the hyperbola, ^9. 2 and 6, the transyerse dian 
eter is 100, the conjugate 60, and the abscissa, B n, is 40 ; required 
the ordinate e n. 

100 ^ 60 : : ^/(40+100x40) = 74.8 : 44.8 Ans. 

The transverse is 100, the conjugate 60, and ordinate e n, 44.8 ; 
what are the abscissae 1 Ans. 40 and 140. 

The transverse is 100, the ordinate 44.8, the abscissae 140 and 40 ; 
what is the conjugate 1 Ana. 60. 

The conjugate is 60, the ordinate 44.8, and the less abscissa 40 ; 
what is the transverse 1 Ans. 100. 
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MENSURATION OF SURFACES. 



OF FOUR-SIDED FIGURES. 

3. 




4. 



7 



Tofini the Area of a four-sided Figure^ whether k he a Square^ "Fwfidr 

lelogranif Rhombus, or a Rhomboid. 

Rule. — ^Maltiply the iQn^h by the bre^4ih orperpendicular height, 
and the product will be the area. 

OF TRIANGLES. 
Tofnd the Area of a Triangle-— figs, 6 and 8. 





RtTLB. — Multiply the base a b by the perpendicular height c ^ 
and half the product will be the area. 

To find the Area of a Triangle by the length of its sides, 

RvLfl. — 'From half the sum of the three sides subtract each side 
separately ; then multiply the half sum and the ^hree remainders 
continually together, and the square root of the product will be the 
area. 

To find tht Length of one side of a Right-angled Triangle, when ike 
Length of the Oliver two sides are given— fi^. 7. 

RuLK. — To find the hypothenuse a e. Add t^ether the square 
of the two legs a h and a c, and extract the square root of that sum. 

To find one of the legs. Subtract the square of the leg, of which 
the length is known, from the square of the hypotheaase, and the 
sqqare root of the difference will be the answer. 

NoTB.~ For Spherical Triangles, gee page 68. 

OF T&APJBZIUM8 AND TRAPEZOIDS. 

To find the Area of a Trapezium-'fig. 8. 

Rule. — ^Multiply the diagonal a c by the sum of the two perpen- 
diculars falling upon it from the opposite angles, and half the product 
wm be the area. 
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TojinS. the Area of a Trapezoid^-Jig. 9. 

RuLB. — ^Multiply the sum of the parallel sides ab^dcyhj ak, the 
perpendicular distance between them, and half the proiduct will be 
the area. 

OF REGULAR POLYGONS. 

RuLB. — ^Multiply half the perimeter of the figure by the perpen- 
dicular, falling from its centre upon one of the sides, and the prod- 
uct will be the area. 

To Jlnd the Area of a Regular Polygon, when the side only is given, 

RuLB. — ^Multiply the square of the side by the multiplier opposite 
to the name of the polygon in the following table, and the product 
wiU be the area. 



No. of 
Bidet. 


NuneofPioljrioB. 


Angle. 

120*=» 


Angle or 

Polygon. 


Ann. 


A 

2. 


B 


C 


3 


Trigon 


60° 


0.433012 


1.732 


.5773 


4 


Tetragon 


90 


90 


1.000000 


1.41 


1.414 


.7071 


5 


Pentagon 


72 


108 


1.720477 


1.238 


L176 


.8506 


6 


Hexagon > 


60 


120 


2.598076 


1.156 


•=Radius 


< — Vgth 

< of side 


7 


Heptagon 


61? 


1284 


3.633912 


1.11 


.8677 


1.152 


8 


Octagon 


45 


135 


4.828427 


1.08 


.7653 


1.3065 


9 


Nonagon 


40 


140 


6.1^1824 


1.06 


.6840 


1.4619 


10 


Decagon 


86 


144 


7.694208 


1.05 


.6180 


1.6180 


11 


Undecagon 


32ff 


147tt 9.365640 


1.04 


.5634 


1.7747 


12 


Dodecagon 


80 


150 11.196152 1.037 


.5176 


1.9318 



Additional uses of theforegoing TaUe, 

■ The third and fourth colanms of the table will greatly facilitate the constractiaa 
of these figarea, with the aid of the sector. Thus, if it is required to describe an oo 
tf^ouy opposite to it, in column third, is 45 ; then, with the chord of 60 on the sector 
as radius, describe a circle, taking the lexigth 45 on the same line of the sector ; 
mark this distance off on the circumference, which, being repeated around the circle, 
will give the points of the sides. 

The fourth column gires the angle which any two adjoining sides of the xespectiye 
figures make with eacn other. 

Take the length of a perpendicular drawn from the centre to one of the sides of a 
polygon, and multiply this by the numbers in column A, the product will be the ra- 
dins of the circle that contains the figure. 

The radius of a circle multiplied by the number in column B, will give tlie length 
of the side of the corresponding fig^ire which that circle will contain. 

The length of the side of a polygon multiplied by the corresponding number in the 

-(umn C, will give the radius of the circumscribing circle. 
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OF REGULAR BODIES. 



To find the Superficies of any Regular Body. 

Rule. — Multiply the tabular surface in the following table bj the 
square of the linear edge, and the product will be the superficies. 



NMBberofSidM. 



4 

6 

8 

12 

20 



NauuM. 



Tetrahedron 

Hexahedron. 

Octahedron. 

Dodecahedron. 

Icosahedron. 



1.73205 
6.00000 
3.46410 
20.64573 
8.66025 



10. 



OF IRREGULAR FIGURES. 

e 




11. 



d A 



^^ 




^ 


'■^"^ 






• 


, 






i 










6 



To find the Area of an Irregular Polygon^ abedefg-^Jig. 10. 

Rule. — Draw diagonals to divide the figure into trapeziums and 
triangles ; find the area of each separately, and the sum of the whole 
w^ give the area required. 

To find the Area of a Long Irregular Figure^ Idea— fig. 11. 

Rule. — Take the breadth in several places, and at equal distan- 
ces apart ; add them together, and divide the sum by the number 
of breadths for the mean breadth ; then multiply that by the length 
of the figure, and the product will be the area. 

OF CIRCLES. 
13. rf 




/■\\/j 




-ih-' 



To fmd the Diameter and Circumference of any Circle. 

Rule 1.— Multiply the diameter by 3.1416, and the product wiU 
be the circumference. 

P 
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Rule 2.— Divide the. circumference by 3.1416, and the quotient 
will be the diameter. 

Rule 3. — Or, as 7 is to 22, so is the diameter to the circumfer- 
ence. 
Or; as 22 is to 7, so is the circumference to the diameter. 
Or, as 1 13 is to 355, so is the diameter to the circumference, &4i 

To find the Area of a Circle. 

Rule L — Multiply the square of the diameter by .7854, or the 
square of the circumference by .07958, and the product will be the 
area. 

Rule 2. — Multiply half the circumference by half the diameter. 

Rule 3. — As 14 is to 11, so is the square of the diameter to the 
area , or, as 88 is to 7, so is the square of the circumference to the 
area. 

To find the Length of any Are of a Circles-fig, 12. 

Rjule 1.— From 8 times the chord of half the arc a c, subtract the 
chord ah of the whole arc '; one third of- the remainder will be the 
length nearly. 

Rule 2. — Multiply the radius « o of the circle by .0174533, and 
that product by the degrees in the arc. 

Rule 3. — As 180 is to the number of degrees in the arc, so is 
3.1416 times the radius to its length. 

1. When the Chord of the Arc and the Ver9ed Sine of half the Arc are 

given. 

Rule 4. — ^To 15 times the square of the chord a h, add 33 timet 
the square of the versed sine c rf, and reserve the number. 

To the square of the chord add 4 times the square of the versed 
sine, and the square root of the sum will be twice the chord of half the 
arc. 

Multiply twice the chord of balf the arc by 10 times the square of 
the versed sine, divide the product by the reserved number, and add 
the quotient to twice the chord of half the arc : the sum will be the 
length of the arc very nearly. 

Note. — 1. diameter X .8862 = side of an equal square. 

2. circumference X .2821= " »* " 

3. diameter X .7071 = ." of the inaoribed square. 

4. circumference X .2251= " " " 
6. area X .9003= « " « 

6. side of a square X l>4l42=diam. of its circums. circle. 

7. " " X4.443 =circum. " «* 

8. " " X 1*128 =:diam. of an equal circle. 

9. « " X3.545 =circum. " " 
10. square inches X 1.273 = round inches. 

When the Chord of the ArCy and the Chord of half the Arc are given. 
Rule 5. — From the square of the chord of half the arc subtract 

NoTB.— If the length for any number of degrees, minutes, &c., is required (»9 
iMffe 67 for the units; radius being 1), maltiply them by the number of degreei, sc^ 
"^ the arc, and the answer is the length. 
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the square of half the chord of the arc, and the remainder wiU be 
the square of the yersed sine ; then proceed as above. 

NoTB. — The chord of half the arc is equal to the sqaare rook t of the aom.of th« 
•quares of the versed sine or height, and half the chord of the entire arc. 

Wlien the Diameter and the Versed Sine of half the Arc are given. 

Hulk 6. — From 60 times the diameter co, subtract 27 times cd 
the Tersed sine, and reserve the number. 

Multiply the diameter by the versed sine, and the square root of 
the product will be the chord of half the arc. 

Multiply twice the chord of half the arc by 10 times the vetoed 
sine, divide the product by the reserved number, and add the quo- 
tient to twice the chord of half the arc : the sum will be the length 
of the arc very nearly. 

NoTB. — When the diameter and chord of the arc are given, the versed sine maT 
be found thus : From the square of the diameter subtract the square of the chord, 
ftnd extract the square met of the ranamder. Subtract this root from the diameter, 
■ad half the reaudnder will give Uub versed sine of half the arc. 

The square of the chord of half the arc being divided by the diameter, will give the 
versed sine ; or, being divided by the versed sine, will give the diameter. 

To find the Area of a Sector of a Circle-^fig. 13. 

RiTLK l.*-Multiply the length of the arc ad b by half the length 
of the radius ao. 

RuLB 3. — As 360 is to the degrees in the arc of the sector, so is 
the- area of the circle to the area of the sector. 

NoTB. — If the diameter or radius is not given; add the square of half the chord of 
the arc to the square of the versed sine of half the arc ; this sum being divided by the 
vmed sine, will give the diannter* 

Tofi$id (he Area of a Segment of a CircU-^fig, 12. 
(See table of Areas, pagto 79.) 

RoLB 1. — Find the area of the sector having the same arc with 
the segment, then find the area of the triangle formed by the chord 
of the segment and the radii of the sector, and the difference of 
these areas, according as the segment is greater or less than a 
semicircle, will biB the area required. 

Rule 2.— To the c1|ord a ^ of thewhole arc, add the chord a c of 
half the arc, and } of it more ; then multiply the sum by the versed 
sine e d, and -fi^ of the product will be the area. 

Rule 3. — Multiply the chord of the segment by the versed sine, 
divide the product by 3; and multiply the remainder by 2. 

Cube the height, find how often twice the length of the chord is 
contained in it, and add the quotient to the former produ<^t,'and it 
will give the area nearly. 

To find the Area of a Circular Zone— fig. 14. 
(See table of Areas, page 80.) 

Rule 1 . — When the tone ieiese than a eetikiieitcle. To the area Of the 
trapezoid abed add the area of the segments ab, cd; their sum is 
the area. 
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RuLS 2. — When the tone i» greater than a temmreU. To the area of 
the parallelogram bgdh, add the area of the segmenta big,dkk; 
their sum is the area. 

To find the Convex Surface of any Zone or Segment— figs. 88 and 39. 

Rule. — Multiply the height cb,OYb dj of the zone or segment by 
the eircumference of the sphere, and the product is the surface. 

OF UNOULAS. 

To find the Convex Surface of the UngidaM—fige. 27, 28, 29, and 30. 

RuLE8.->For fig. 27, multiply the length of the aro line abcoi the 
base, by the height ad. 

For fig. 28, multiply the circumference of the base of the cylinder 
efg by half the sum of the greater and less lengths ae, cf. 

For fig. 29, multiply the sine ad, of half the arc ag^ of the base 
A cgt by the diameter eg of the cylinder, and from this product sub- 
tract the product* of the axe age and cosine df Multiply the dif- 
ference thus found by the quotient of the height g &, divided by the 
versed sine e d. 

For fig. 30 (conceive the section to be continued till it meets the 
side of the cylinder produced), then find the surface of each of the 
ungulas thus formed, and their difference is the surface required. 

Note.— For rules to ascertain the surface of conical un^as, see Ryan** Boimjf' 
etutk's Mtiuuraiumt page 136 (1639). 

To find the Area of a Circular Ring or Space included between two 

Concentric Circles— f^. 54. 

Rule. — Find the areas of the two circles ad, he separately, and 
their difiference will be the area of the ring. 

OF ELLIPSES. 

16. c 

,, y 

: 

' -■•-•i- 

<af d J . 

To find the Cireumferenee of an EUipse-^fig. 16. 

Rule. — Square the two axes a 5 and cd, and multiply the square 
root of half their sum by 3.1416 ; the product will be the circumfer- 
ence. 

To find the Area of an EUipse—fig. 15. 

Rule.— ^Multiply the two diameters together, and the product by 
.7854. 

* When this product exceeds the other, add them together, and when the oosine is 
^ the product is 0. 
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To find the Ared of an BiUpHe StgmeiUy 9Ltg*^fig. 16. 

RvLB. — Divide the height of the segment aphy the axis a&, of 
which it is a |>art) and find in the table of circular segments, page 
72, a segment having the same versed sine as this quotient ; th^ 
multiply the segment thus found and the two axes of the ellipse to- 
gether, and the product Mrill give the area. 



17. 






OF PARABOLAS. 
18. 






To find the Area of a Parabola— fig. 17. 

Role— Multiply the base <</by the height j^e, and | of the prod- 
uct will be the area. 

To find the Area of a Frustrum of a Parabola— fig. 17. 

RuLB.— Multiply the difference of the cubes of the two ends of 
the frustrum acdf by twice its altitude b e^ and divide the product 
by three times the difference of the squares of the ends. 

To find the Length of a Parabolic Curve cut off by a Double Ordinate — 

fig. 18. 

Rule. — To the square of the ordinate a b add ^ of the square of 
t]he abscissa e h ; the square root of that sum, multiplied by 2, will 
give the length of the curve nearly. 



OF HYPERBOLAS. 
2b. 





To find the Area of a Hyperbola— fig. 19. 

Rule. — To the product of the transverse and abscissa add f of the 
square of the abscissa a b, and multiply the square root' of the sum 
by 21 . Add 4 times the square root of the product of the transverse 
and abscissa to the product last found, and divide the sum by 75. 

Divide 4 times the product of the conjugate and abscissa by the 
transverse, and this last quotient, multiplied by the former, ^^iU give 
the area nearly. 
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To find the Length of a Hyperbolic Curve— fig. 20. 

RuLK.— As the tranftverse is to the conjugate, so is the conjugate 
to the parameter. To 21 times the parameter of the axis add 19 
times the transverse, and to 21 times the parameter add 9 times the 
transverse, and multiply each of these sums by the quotient of the 
abscissa b d, divided by the transverse. To each of these two prod- 
ucts add 15 times the parameter, and divide the former by the lat- 
ter ; multiply this quotient by the ordinate, and the product is the 
length of half the curve nearly. 

OF CYLINDRICAL RINGS. 

To find the Convex Surface of a Cylindrical Ring— fig. 64. 

Rule. — To the thickness of the ring a b add the inner diameter 
be ; multiply this sum by the thickness, and the product by 9.8696, 
and it will give the surface required. 

To find the Area of a Circular Ring— fig. 54. 

Rule.— The difference of the areas of the two circles will be the 
area of the ring. 

OF LUNES. i 

21. a 



To find the Area of a Lune—fig. 21. 

Rule — Find the areas of the two segments adcb^ abce from 
which the lune is formed, and their difference will be the area re- 
quired.* 



OF CYCLOIDS. 

$ 




To find the Area of a Cycloid—fig. 22. 

Rule. — Multiply area of generating circle a 6 c by 3, and the prod- 
not is the area. 

* If semicircles be described on the three sides of a rigrht-angled triangle as diame- 
ters, two lunes will be formed, their united areas being equal to the area of the tri- 
■i^e. 

daissitnn. 
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OP CYLINDERS. 

To find. ihe Convex Surface of a CyHnder-^figr, 2fi. 

Rule.— Multiply the circumference by the length, and the prod- 
uct will be the surface. 

OP CONES OR PTRAMIDS. 

To find the Convex Surface of a Right Com or Pyramid— fig*. 31 and 38. 

Rule. — Multiply the perimeter or circumference of the base by the 
slant height, and half the product added to the area of the base will 
be the surface. 

To find the Convex Surface of a Frustrum of a Right Cone or Pyramid — 

figs. 32 and 34. 

Rule. — Multiply the. sum of the perimeters of the two ends by the 
slant height or side, and half the product wiU.be the surface. 

OF SPHERES. 

To find the Convex Surface of a Sphere or Globe— fig. 37. 

Rule —Multiply the diameter of the sphere by its ciroam&rence. 
and the product is the surfiace. 

OF CIRCULAR SPINDLES. 
To find the Convex Surface of a Circular Spindle— fig. 45. 

Rule. — Multiply the length /c of the spindle by the radius oe of 

the revolving arc ; multiply the said arc/ac by the central distance 

:»e, or diiitance between the centre of the spindle and centre of the 

revolviog arc. Subtract this last product from the former, double 

the remainder, multiply it by 3.1416, and the product is the surface. 

Note.— The same rale will ferre for any zone or eegment, eat off perpendicalarly 
to the chord of the reYoWing aro ; in thie case, then, the paiticalar length of t^ 
part, and the part of the aro which deecribee it, matt be taken, in lieu ik the whole 
length and whole arc. 



BY MATHEMATICAL PORMULiE. 

LINES. CIRCLE. 

Ratio of circumference to diameter ^ p^ 3.1416. 

Length of an arc = — ^ — nearly ; c the chord of the arc, and <f 

3 

the chord of half the arc. 
Length of 1 degree^ radius being 1, = .0174533 
*' 1 minuU, = .0002909 

" leecond, =.0000048 

ELLIPSE. 
Cireumferenee^^p^^a'*'\'h^) nearly, a and h being the axes. 

PARABOLA. , 

Length of an arc, commencing at the vertex, = N/C-gp+i*) near- 
ly, a being the abscissa, and i^ the ordinate. 
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aUADRILAT£RA>L8. 

Half the product of the diagonals x the sine of their ^^ 

CIRCLE. 
pr* ; or diam. » X. 785398 16 ; or circum. » X. 0795774. 

CYLINDER. 
Curved nif/ae« = height X perimeter of hasa^ 

SPHERICAL ZONE OR SEGMENT. 

S^A ; or, the height of the zone or segment x the circumfereDce 
of the sphere. 

CIRCULAR SPINDLE. 

2p(rc- a^r^—ic^) ; a being the length of the arc, and c its obeird 
or the length of the spindle. 



pr' 



*--180^ 

180° 



SPHERICAL TEtANGLS. 

; 8 being the sum of the three angles. 



.ANY SURFACE OF REVOLUTION. 

2prxl; or, the length of the generating element x the circnm 
ference described by its centra of gravity. 

Illustrations. — Let abche the side of a cylinder, br the radius ; 
then abc\9 the generating element, b the centre of grayity (of the 
line), and b r the radius of the circle described bjmbt. 




i Then, ifaic = 10, ir = 5; 10x(5+5x 
1 8.1416)== aU.l6. 



Parabola. 




aex{^brXp), p being in this and all other 
instances == S.1416, b the centre of grayity, 
and br the radius of its circumference. 



HBimxATmN or susvack. 



Or, take a uniform piece of board dr thick pasteboard, and cot ont 
the figure of which the area is required ; weigh both pieces together, 
and then the figure separately, and say, as the gross weight is to the 
entire surface,. so is the weight of the figure to its surface. 



CAPILLARY T17BB. 



Let the tube be weighed when empty, and again when filled with 
mercury ; let w be the difiference of those weights in troy grains, and 
/ the length of the tube in inches. 



w 



Diameter = .019262 ^t* 

* 



USEFUL FACTOASy 
M tpAtcA p represents tke Circumference of a Cvrde whose Dtamder is L 



Tbeap — 3.141S998S35897932384fl96+ 


4 _ 




^ ■ 


1.973939 


9p s ej»318S30717H- 


P 
1 






A 


J079S77 


4f s:Ift.50637Q61435IH- 


' -6 ~ 




■ 


v> = 


1.773453 


JP = 1.^0798396794+ 


yp= 


.880996 


JP =: 0.785398163387+ 


Vi'= 


3.544907 


|p 8 4488790 


v? = 


.797864 


Ip — ^^33598 


p 




{j» = .389099 


4^ 


.564189 


^= .901790 


aoo 




p ""^ 


114.591550 


,j^= 4X)8790 






1 


5 «s 


S.004395 


- = .318309 


• 


P 

1 - iS30619 


1.900HO 


p 


11X097335 
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Examples in JUus^atwn of iht foregoing Rules. 

Required the area, 1. Of the rhombiu, fig. 3, a e 13 feet inches, and its bdglit 
a », 9 feet 3 inches. Jlnt» 1 16.625 fiMt. 

2. Of the triangle abe, fig. 5, ab being 10 feet, and ed 5 feet JSns. 25 feeL 

3. Of the triangle a ft c, fig. 7, its ttafoe sides measuring raspeetiTely 34, 36, and 
48 feet. Jins. 418.283. 

4. In the right-angled triangle a >e, fig. 7, the base is S%, aad the height 33 ; what 
is the hTpochennse 1 jS»§. 65. 

5. If the hypothenuse of a triangle be 53r and the base 45^ what lathe perpendlc- 
nlar 1 Ans, SB^ 

6. Reqaired the area (rf'the trapeadum, fig. 8, the diagonal •«« 84| fbe perpendicu- 
lars 31 and 38. ^««. 2058. 

7. Of the trapezoid, fig. 9, a ft 10, d c 12, and akd feet Jins. 66. 

8. Of an octagon, the side being 5. 5* r= 35X4.8284S7 = 130.710675 JSns. 

0. The length of a perpendicular from the centre to one of the sides of an octa- 
gon is 13 ; what is the radius of the circumscribing circle 1 

12X1.06 (table, page 60) = 12.96 iins. 

10. The radiuaof a eircle being 13JN^ what will be the length of one side- of '«n 
hucribed octagon 1 13.96X .765 (page 60) = 9.914 Jins. 

11. The length of the side of a decagon is 10; what is the radius of the circvm- 
scribing circle 1 10X1.618 (page 60) = 16.18 jSm. 

13. The chord a ft, fig. 13, is 48, and the versed sine cd 18 ; what is the length 
of the arc 1 

By Rule 4, twice the chord of half the arc is 60 , then 00*^8 ss 30, choid of half 
thearc,and30X8s=:S40— 48s=:193-S-3=:64 J3ns. 

13. The diameter « o, fig. 152, is 50, and the versed sine c d 18 ; what is the length 
of the arc 1 

By rule 6 . . ^ 50X60+18X37 =:2514v'50X18=r 900 =30. 

Then 30X3 =60X10X 18 s 106004-3514 = 4.3959+30X3 =643950 Jins. 

14. The diameter of a circle is 50, and the chord of half the arc 30; what is 
the length of the are 1 Jins. 64.2950. 

15. What is the area of a sector, the chord of the arc being 40, and the versed 
sine 15 1 Jins. 558.135. 

16. The radius of a sector oft, fig. 13, is 80^ and the degrees in Its arc 23; what Is 
the area 1 jins. 76.7947. 

17. The radli#*e is 10^ and the chord as 10 ; what is the area of the segment 
•eftd,fig. 131 Jins.S»J36. 

18. The greater chord, ft d, fig. 14, is 96, the lesser, ac, 60, and the breadth SS6; 
what is the area of the zone 1 .Ans. 3136.75. 

19. The sine of half the arc, fig. 39, is 7, the diameter of the cylinder 15, the co- 
sine on er, at the intersection of a e, 3.7, the versed sine 4.8, and the height, ft jf, 18 ; 
what is the convex surface t Ans. 19£ 

30. The height, a p, of an elliptic segment, fig. 16, hi 10, and the axes 35 and 35 
respectively ; what is the area 1 
10-i-35= .2857 tabular versed sbe, and segment = .185153x35X35 = 163.0068 
Jins. 

81. In the parabolic fhistrum, a e df^ fig. 17, the ends a c and d/ are 6 and 10^ and 
the height ft e is 5 ; what is the area 1 

ini «» 784 

J5i^ = -gj =13.35X1 of 5=40.8 Jins. 

as. The abscissa eft, fig. 18, is 13, and its ordinate aft 6 ; what Is the length of 
medf wfM. 30.198. 

SB. The transverse and conjugate diameters of a hyperbola, fig. 19, are 100 and 
60, and the abscissa a ft 60 ; what is the areal jlns. 4380. 

84. What is the curve ae d of the hyperbola, fig. 80^ the abscissa aft 401 

.das. 59.8S. 
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SS. Tb» chord ac^ fig. ^, is 19, the heights ed 6.9, and eh %4; whet is the aiea 
of the lone ? .tfn^. 65.3. 

96. The generating circle a 6 e, fig. 23, is 4 inches diameter ; what is the area of 
<he cycloid bcdf - jins. 37.6992. 

57. The base of a cone, fig. 31, is 3 feet, and the slant height IS feet; what is the 
eonvex surface ? ^ne. 70.686. 

HB. The thickness of a cylindric ijng, fig. 51, is 3 inches, and the inner diameter 
13 hiches ; what is the conver surface T Jins. 444.138. 

58. What is the convex surface of a giobe, .fig. 37« 17 ilncbes inMiajoietier t 

Ant. 6J05 square feet. 

^. WSiat is the surface of the circular flt)indle, fig. 45, the length fe 14.142, the 
ncdius oc 10, and the central distance o> e lAXTi laches 1 An$. 190.82 inches. 

31. li^niat is the surface of an octahedron, the linear side being 2 inches 1 

2^X3.46410 (tabular surface; = 13.85640 AnM. 

38L What is the convex surface of a cylinder, fig.. 25, the dianeto- of the bast 
• 110^ and the height & c 10 inches 1 , ^m. 314.16- 
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AKBA8 OF THB SEGHENTS OF ▲ CIRCLE. 



Tabli of the Areas of the Segments of a Circle, the diameter of which 
M Unity, and supposed to be divided into 1000 equal Parts, 



T6TMft 

Sine. ' 


hf-<Ar«>- 


▼eiwd , 

SiiM. ' 


bf. Jtm. 


▼•nad 

Siae. 


0^« JmfWCL 


Y«Md 

Sim. 


Bkg.Jtna, 


.001 


.00004 


.056 


.01691 


.109 


.04638 


.163 


.08332 


.002 


.00011 


.066 


.01736 


.110 


.04700 


.164 


.08406 


.003 


.00021 


.057 


.01783 


.111 


.04763 


.166 


.08480 


.004 


.00083 


.068 


.01829 


.112 


.04826 


.166 


.08564 


.006 


.00047 


.069 


.01876 


.113 


.04889 


.167 


.08628 


.006 


.00061 


.060 


.01923 


.114 


.04952 


.168 


.08703 


.007 


.00077 


.061 


.01971 


.116 


.06016 


.169 


.08778 


.008 


.00096 


.062 


02019 


.116 


.05080 


.170 


.08863 


.009 


00113 


.063 


02068 


.117 


.05144 


.171 


.08928 


.010 


00132 


.064 


02116 


.118 


.06209 


.172 


.09004 


.011 


.00163 


.066 . 


02166 


.119 


.05273 


.173 


.09079 


.012 


00174 


.066 


02216 


.120 


.06338 


.174 


.09166 


.013 


00196 


.067 . 


02266 


.121 


.06403 


.176 


.09231 


.014 . 


00219 


.068 . 


02316 


.122 


.05468 


.176 


.09307 


.015 . 


00243 


.069 


02366 


.123 


.05634 


.177 


.09383 


.016 . 


00268 


.070 . 


02416 


.124 


.05600 


.178 


.09460 


.017 , 


00294 


.071 . 


02468 


.126 


.05666 


.179 


.09536 


.018 


00320 


.072 . 


02619 


.126 


.05732 


.180 


.09613 


.019 . 


00347 


.073 . 


02571 


.127 


.06799 


.181 


.09690 


.020 . 


00374 


.074 . 


02623 


.128 


.05865 


.182 


.09767 


.021 . 


00403 


.075 . 


02676 


.129 


.05932 


.183 


.09844 


.022 . 


00432 


.076 . 


02728 


.130 


.05999 


.184 


.09922 


.023 . 


00461 


.077 . 


02782 


.131 


.06067 


.186 


.09999 


.024 . 


00492 


.078 . 


02835 


.132 


.06134 


.186 


.10077 


.025 . 


00523 


.079 . 


02889 


.133 


.06202 


.187 


.10166 


.026 . 


.00554 


.080 


02943 


.134 


.06270 


.188 


. 10233 


.027 , 


00586 


.081 . 


02997 


.136 


.06338 


.189 


.10311 


.028 , 


00619 


.082 . 


03062 


.136 


.06407 


.190 


.10390 


.029 


00652 


.083 . 


03107 


.137 


.06476 


.191 


.10468 


.030 


00686 


.084 


03162 


.138 


.06544 


.192 


. 10547 


.031 


.00720 


.086 


03218 


.139 


.06614 


.193 


. 10626 


.032 


.00755 


.086 


.03274 


.140 


.06683 


.194 


.10706 


.033 . 


00791 


.087 


.03330 


.141 


.06752 


.195 


. 10784 


.034 . 


00827 


.088 


03387 


.142 


.06822 


.196 


. 10863 


.035 . 


00863 


.089 . 


.03444 


.143 


.06892 


.197 


.10943 


.036 


.00900 


.090 


.03501 


.144 


.06962 


.198 


.11022 


.037 . 


00938 


.091 . 


.03558 


.146 


.07032 


.199 


.11102 


.038 


,00976 


.092 . 


03616 


.146 


.07103 


.200 


.11182 


.039 


.01014 


.093 . 


.03674 


.147 


.07174 


.201 


.11263 


.040 


.01053 


.094 


.03732 


.148 


.07245 


.202 


.11342 


.041 


,01093 


.096 . 


.03790 


.149 


.07316 


.203 


.11423 


.042 


.01133 


.096 . 


.03849 


.150 


.07387 


.204 


.11603 


.043 


.01173 


.097 . 


.03908 


.161 


.07458 


.205 


.11584 


.044 


.01214 


.098 • 


03968 


.162 


.07530 


.206 


.11666 


.045 


.01255 


.099 . 


.04027 


.153 


.07602 


.207 


.11746 


.046 


.01297 


.100 . 


.04087 


.164 


.07674 


.208 


.11827 


.047 


.01339 


.101 • 


.04147 


.166 


.07746 


.209 


.11908 


.048 


.01381 


.102 < 


.04208 


.166 


.07819 


.210 


.11989 


.049 


.01424 


.103 


.04268 


.167 


.07892 


.211 


.12071 


.050 


.01468 


.104 


.04329 


.168 


.07964 


.212 


.12162 


.051 


.01511 


.106 . 


.04390 


.169 


.08038 


.213 


.12234 


.052 


.01556 


.106 


.04462 


.160 


.08111 


.214 


.12316 


.063 


.01600 


.107 . 


.04513 


.161 


.06184 


.216 


.12398 


064 


.01646 


.108 


.04576 


.162 


.08268 


.216 


.12481 



ABBAS OF THE SBGKBKTS OF A CIBCLB* 



78 



TiiBLi— (^ntiaued). 



Tened 
Sine. 

.217 

.318 

.219 

.220 

.221 

.222 

.223 

.224 

.225 

.226 

.227 

.228 

.229 

.230 

.231 

.232 

.233 

.234 

.235 

.236 

.237 

.238 

.239 

.240 

.241 

.242 

.243 

.244 

.245 

.246 

.247 

.248 

.249 

.250 

.251 

.252 

.253 

.254 

.255 

.253 

.257 

.258 

.259 

.260 

.261 

.262 

.263 

.264 

.265 

.266 

.267 

.268 

.269 

.270 

.271 



Stg.Jtnm. 



. 12563 
.12645 
.12728 
12811 
.12894 
.12977 
.J 3060 
.13143 
.13227 
.13310 
. 13394 
. 13478 
.13562 
.13646 
.13730 
.13815 
.13899 
. 13984 
.14068 
.14153 
. 14238 
.14323 
. 14409 
. 14494 
. 14579 
. 14665 
.14751 
. 14837 
.14923 
.15009 
.15095 
.15181 
.15268 
.15354 
.15441 
.15528 
.'6614 
.16701 
. 16789 
. 16876 
. 15963 
.16051 
.161.38 
.16226 
.16314 
.16401 
. 16489 
.16578 
.16666 
. 16754 
.16843 
.16931 
. 17020 
.17108 
.17197 



VerMd , 

Sine. ' 


S^. Jrta. 


Verwd 

Sine. 


atg.Jrm. 


Tened 

Sine. 


Seg. Jna. 


.272 


.17286 


.327 


.22321 


.382 


.27580 


.273 


. 17375 


.328 


.22415 


.383 


.27677 


.274 


.17464 


.329 


.22609 


.384 


.27774 


.276 


.17554 


.330 


.22603 


..3S6 


. .27872 


.276 


.17643 


.331 


.22697 


.886 


.27969 


.277 


.17733 


.332 


.22791 


.387 


.28066 


.278 


.17822 


.333 


.22886 


.388 


.28164 


.279 


.17912 


.334 


.22980 


.389 


.28261 


.280 


.18001 


.335 


.23074 


.390 


.28369 


.281 


.18091 


.336 


.23168 


.391 


.28466 


.282 


.18181 


.337 


.23263 


.392 


.28564 


.283 . 


. 18271 


.338 


.23368 


.393 


.28662 


.284 


.18361 


.339 


.23462 


.394 


.28749 


.285 • . 


. 18462 


.340 


.23547 


.396 


.28847 


.286 


. 18542 


.341 


.23642 


.396 


.28946 


.287 


.18632 


.342 


.23736 


.397 


.29043 


.288 . 


18723 


.343 


.23831 


.398 


.29141 


.289 . 


.18814 


.344 


.23926 


.399 


.29239 


.290 


18904 


.346 


.24021 


.400 


.29336 


.201 . 


. 18995 


.346 


.24116 


.401 


.29434 


.292 . 


19086 


.347 


.24212 


.402 


.29533 


.293 . 


19177 


.348 


.24307 


.403 


.29631 


.294 . 


19268 


.349 


.24402 


.404 


.29729 


.295 . 


19359 


.350 


.24498 


.406 


.29827 


.296 . 


19450 


.351 


.24693 


.406 


.29925 


.297 . 


19542 


.352 


.24688 


.407 


.30023 


.298 . 


19633 


.363 


.24784 


.408 


.30122 


.299 . 


19725 


.354 


.24880 


.409 


.30220 


.300 . 


19816 


.356 


.24976 


.410 


.30318 


.301 . 


19908 


.356 


.25071 


.411 


.30417 


.302 . 


20000 


.357 


.25167 


.412 


.30516 


.303 . 


20092 


.358 


.25263 


.413 


.30614 


.304 . 


20184 


.359 


.25359 


.414 


.30712 


.305 . 


20276 


.360 


.25465 


.416 


.30811 


.306 . 


20368 


.361 


.25551 


.416 


.30909 


.307 . 


20460 


.362 


.25647 


.417 


.31008 


.308 . 


20552 


.363 


.25743 


.418 


.31106 


.309 . 


20645 


.364 


.25839 


.419 


.31206 


.310 . 


20737 


.365 


.26936 


.420 


.31304 


.311 


20830 


.366 


.26032 


.421 


.31402 


.312 . 


,20922 


.367 


.26128 


.422 


.31501 


.313 


21015 


.368 


.26224 


.423 


.31600 


.314 


.21108 


.369 


.26321 


.424 


.31699 


.315 


.21201 


.370 


.26417 


.426 


.31798 


.316 


.21294 


.371 


.26514 


.426 


.31897 


.317 


.21387 


.372 


.26611 


.427 


.31995 


.318 


,21480 


.373 


.26707 


.428 


.32094 


.319 


.21573 


.374 


.26804 


.429 


.32193 


.320 


.21666 


.375 


.26901 


.430 


.32292 


.321 


.21759 


.376 


.26998 


.431 


.32391 


.322 


.21853 


.377 


.27095 


.432 


.32490 


.323 


.21946 


.378 


.27192 


.433 


.32590 


.324 


.22040 


.379 


.27289 


.434 


.32689 


.326 


.22134 


.380 


.27386 


.436 


.32788 


.326 


.22227 


.381 


.27483 


.436 


.328S'y 



a 



M 



AlfiBAS or THE 8EGNSNT8 OF A CISCLB. 



Table— (Contiaued). 



Tened 
SiB«. 


8ig. Jtta. 


Toned 

siM. 


Stf^ jtfMk 


Temd 
BiM. 


Ar.J^ 


TMWd 


a$g.jsm. 


.437 


.32986 


.453 


.34576 


.469 


.36171 


.485 


.37770 


.438 


.33085 


.454 


.34676 


.470 


.36271 


.486 


.37870 


.439 


.33185 


.455 


.34775 


.471 


.36371 


.487 


.37970 


.440 


.33284 


.456 


.34875 


.472 


.36471 


.488 


.38070 


.441 


.33383 


.457 


.34975 


.473 


. .36571 


.489 


.38169 


.442 


.33482 


.458 


.35074 


.474 


•36671 


.490 


.38269 


.443 


.33582 


.459 


.35174 


.475 


.36770 


.491 


.38369 


.444 


.38681 


.460 


.35274 


.476 


.36870 


.492 


.38469 


.445 


.33781 


.461 


. .35373 


.477 


.36970 


.493 


.38569 


.446 


.33880 


.462 


.35473 


.478 


.37070 


.494 


.38669 


.447 


.33979 


.463 


.35573 


.479 


.37170 


.496 


.38769 


.448 


.34079 


.464 


.35673 


.480 


.37276 


.496 


.38869 


.449 


.34178 


.465 


.35772 


.481 


.37370 


.497 


.38969 


.450 


.34278 


.466 


.35872 


.482 


.37470 


.498 


.39069 


.451 


.34877 
.34477 


,467 


. .36972 


.483 


.37670 


.499 


.39169 


.452 


.468 


. .36072 


.484 


.37670 


.500 


.39269 



USE OF THE ABOVE TABLE. 

To find the Area of a Segment of a Circle. 

Bulb.— Divide the height or versed sine by the diameter of tlie circle, and find 
Ihe quotient in the column of versed sines. Take the area noted in the next coU 
amn, and multiply it by the square of th« diameter, and it will give the area re- 
quired. 

ExAMPLB.— Bequlred the area of a segment; its height being 10, and tiie diame- 
ter of the circle 50 feet. 

lO-hSOr: ii, and .2, per table, as .11189 ; then .11182X50* = 279JB Jhu. 



LENGTHS OF CIBOVLAR AHOS. 



75 



Table of the liengtAs of Circular Arcs. 



BeVit 



.100 

• 101 

ao2 

.103 
.104 
.105 
.106 
.107 
.108 
.109 

• 110 
.111 
.112 
.113 
.114 
.115 
.116 
.117 
.118 
.119 
.120 
.121 
.122 
.123 
.124 
.125 
.126 
.127 
.128 

• 129 
.130 
.131 
.132 
.133 
.134 
.135 
.136 
.137 
.138 
.139 
.140 
.141 
.142 
.143 
.144 
.145 
.146 
.147 
.148 

• 149 
.150 
.151 
.152 
.153 
.164 

• 155 



Laofth. 



I 



1.0265 

1.0270 

1.0275 

1.0281 

1.0286 

1.0291 

1.0297 

1.0303 

1.0308 

1.0314 

1.0320 

1.0325 

1.0331 

1.0337 

1.0343 

1.0349 

1.0355 

1.0361 

1.0367 

1.0373 

1.0380 

1.0386 

1.0392 

1.0399 

1.0405 

1.0412 

1.0418 

1.0425 

1.0431 

1.0438 

1.0445 

1.04.52 

1.0458 

1.0465 

1.0472 

1.0479 

1 .0486 

1.0493 

1.0500 

1.0508 

1.0515 

1.0522 

1.0529 

1.0637 

1.0544 

1.0552 

1.0559 

1.0567 

1.0574 

1.0582 

1.0590 

1.0597 

1.0605 

1.0613 

1.0621 

1.0629 



Height. 



.156 

.157 

.158 

.169 

.160 

.161 

.162 

.163 

.164 

.165 

.166 

.167 

.168 

.169 

.170 

.171 

.172 

.173 

.174 

.175 

.176 

.177 

.178 

.179 

.180 

.181 

.182 

.183 

.184 

.185 

.186 

.187 

.188 

.189 

.190 

.191 

.192 

.193 

.194 

.195 

.196 

.197 

.198 

.199 

.200 

.201 

.202 

.203 

.204 

.205 

.206 

.207 

.208 

.209 

.210 

.211 



Length. 



1.0687 

1.0645 

1.0653 

1.0661 

1.0669 

1.0678 

1.0686 

1.0694 

1.0708 

1.0711 

1.0719 

1.0728 

1.0737 

1.0746 

1.0764 

1.0762 

1.0771 

1.0780 

1.0789 

1.0798 

1.0807 

1.0816 

1.0825 

1.0884 

1.0843 

1.0862 

1.0861 

1.0870 

1.0880 

1.0889 

1.0898 

1.0908 

1.0917 

1.0927 

1.0936 

1.0946 

1.0956 

1.0965 

1.0975 

1.0985 

1.0995 

1.1005 

1.1015 

1.1025 

1.1036 

1 . 1045 

L.1055 

1.1065 

1.1075 

1.1085 

1.1096 

1 . 1006 

1.1117 

1.1127 

1.1137 

1.1148 



Hdghi. 



.212 

.213 

.214 

.215 

.216 

.217 

.218 

.819 

.220 

.221 

.222 

.223 

.224 

.225 

.226 

.227 

.228 

.229 

.230 

.231 

.232 

.233 

.234 

.235 

.236 

.237 

.238 

.239 

.240 

.241 

.242 

.243 

.244 

.245 

.246 

.247 

.248 

.249 

.250 

.251 

.252 

.253 

.254 

.256 

.256 

.257 

.258 

.259 

.260 

.261 

.262 

.263 

.264 

.265 

.266 

.267 



LM^Ith. 



1.1158 

1.1169 

1.1160 

1.1190 

1.1201 

1.1212 

1.1223 

1.1233 

1.1245 

1.1256 

1.1266 

1.1277 

1 . 1289 

1.1300 

1.1311 

1.1322 

1 . 1333 

1.1344 

1.1356 

1.1387 

1.1379 

1.1390 

1.1402 

1.1414 

1 . 1425 

1.1436 

1.1448 

1.1460 

1.1471 

1.1483 

1 . 1495 

1.1507 

1.1519 

1.1631 

1.1543 

1.1665 

1.1567 

1.1679 

1.1691 

1.1603 

1.1616 

1 . 1628 

1.1640 

1.1653 

1.1665 

1.1677 

1.1690 

1.1702 

1.1715 

1.1728 

1.1740 

1.1753 

1.1766 

1.1778 

1.1791 

1.1804 



.268 
.269 
.270 
.271 
'.272 
.273 
.274 
.276 
.276 
.277 
.278 
.279 
.280 
.281 
.282 
.283 
.284 
.285 
.286 
.287 
.288 
.289 
.290 
.291 
.292 
.293 
.294 
.295 
.296 
.297 
.298 
.299 
.300 
.301 
.302 
.308 
.304 
..S05 
.306 
.307 
.308 
.309 
.3^0 
.311 
.312 
.313 
.314 
.316 
.316 
.317 
.318 
.319 
.320 
.321 
.322 
.323 1 



1.1816 

1 . 1829 

1.1843 

1.1856 

1.1869 

1 . 1882 

1.1897 

1.1908 

1.1921 

1.1934 

1.1948 

1.1961 

1.1974 

1.1989 

1.2001 

1.2016 

1.2028 

1.2042 

1.2056 

1.2070 

1.2083 

1.2097 

1.2120 

1.2124 

1.2138 

1.2152 

1.2166 

1.2179 

1.2193 

1.2206 

1.2220 

1.2236 

1.2250 

1.2264 

1.2278 

1.2292 

1.2306 

1.2321 

1.2336 

1.2349 

1.2364 

1.2378 

1.2393 

1.2407 

1.2422 

1.2436 

1.2451 

1.2465 

1.2480 

1.2495 

1.2510 

1.2524 

1.2539 

1 . 25.54 

1.2569 

1.25H 



TO 



IA1IGTB8 OF PlBCiaAB ABCSp 



Tabli— (CoBtinoed). 



Itatgllta 



.324 
.825 
.326 
.327 
.328 
.329 
.330 
.331 
.332 
.333 
.834 
.335 
.836 
.337 
.338 
.339 
.340 
.841 
.342 
.343 
344 
.345 
.346 
.347 
.348 
.349 
.360 
.361 
.362 
.363 
.854 
.355 
.356 
.857 
.358 
.359 
.360 
.361 
.362 
.363 
.364 
.365 
.366 
.367 
.368 



1.2599 

1.2614 

1.2629 

1.2644 

1.2659 

1.2674 

1.2689 

1.2704 

1.2720 

1.2735 

1.2750 

1.2766 

1.2781 

1.2786 

1.2812 

1.2827 

1.2843 

1.2858 

1.2874 

1.2890 

1.2905 

1.2921 

1.2937 

1.2962 

1.2968 

1.2984 

1.3000 

1.8016 

1.3032 

1.3047 

1.3063 

1.3079 

1.3095 

1.3112 

1.3128 

1.3144 

1.3160 

1.3176 

1.3192 

1.3209 

1.3225 

1 . 3241 

1.3358 

1.3274 

1.3291 



BelgM. 






.369 

.370 

.371 

.372 

.373 

.874 

.375 

.376 

.377 

.378 

.379 

.380 

.381 

.382 

.388 

.384 

.385 

.386 

.387 

.388 

.389 

.390 

.391 

.892 

.393 

.394 

.395 

.396 

.897 

.898 

.899 

.400 

.401 

.402 

.403 

.404 

.405 

.406 

.407 

.408 

.409 

.410 

.411 

.412 



Lnftk. 



1.3307 
1.8323 
1.8340 
1.3356 

1.3373 
1.8390 
1.3406 

1.3423 

1.3440 

1.8456 

1.3473 

1.8490 

1.8507 

1.3524 

1.8541 

1.3558 

1.3574 

1.8591 

1.3608 

1.3625 

1.3643 

1.8660 

1.8677 

1.3694 

1.3711 

1.3728 

1.8746 

1.8763 

1.3780 

1.3797 

1.3815 

1.3832 

1.3850 

1.3867 

1.3885 

1.3902 

1.8920 

1.3987 

1.8955 

1.3972 

1..3990 

1.4008 

1.4025 

1.4043 



Height. 



.413 

.414 

.415 

.416 

.417 

.418 

.419 

.420 

.421 

.422 

.423 

.424 

.425 

.426 

.427 

.428 

.420 

.430 

.431 

.432 

.433 

«434 

.435 

.436 

.437 

.438 

.439 

.440 

.441 

.442 

.443 

.444 

.445 

.446 

.447 

.448 

.449 

.450 

.451 

.452 

.453 

.454 

.455 

.456 



Lengtk. 



1.4061 

1.4079 

1.4097 

1.4115 

1.4132 

1.4150 

1.4168 

1.4186 

1.4204 

1.4222 

1.4240 

1.42.58 

1.4276 

1.4295 

1.4313 

1.4331 

1.4349 

1.4367 

1.4386 

1.4404 

1.4422 

1.4441 

1.4459 

1.4477 

1.4496 

1.4514 

1.4533 

1.4551 

1.4570 

1.4588 

1 .4607 

1.4626 

1.4644 

1.4663 

1.4682 

1.4700 

1.4719 

1.4738 

1.4757 

1.4775 

1.4794 

1.4813 

1.4832 

1.4851 



Hdgbt. 






.4.57 

.458 

.459 

.460 

.461 

.462 

.463 

.464 

.465 

.466 

.467 

.468 

.469 

.470 

.471 

.472 

.473 

.474 

.475 

.476 

.477 

.478 

.479 

.480 

.481 

.482 

.483 

.484 

.485 

.486 

.487 

.488 

.489 

.490 

.491 

.492 

.493 

.494 

.495 

.496 

.497 

.498 

.499 

.500 



Lrastk. 



1.4870 

1.4889 
1 . 4908 



1 
1 
1 
1 
1 
1 
1. 



4927 
4946 
4965 
4984 
6003 
5022 
5042 
1..5061 
1 . 5080 
1.5099 
1.5119 
1.5138 
1.5157 
1.5176 
1.5196 
1.5215 
1.5235 
1.5254 
1.5274 
1.5293 
1.5313 
1.5332 
1.5352 
1.5371 
1.5391 
1.5411 
1.5430 
1.5450 
1.5470 
1.6489 
1.5509 
1.5529 
1.5649 
1.5.569 
1.5585 
1.5608 
1.5628 
1.5648 
1.5668 
1.5688 
1.5708 



To find the Length of an Arc of a Circle hy the foregoing Table, 

RuLK.— Divide the height ^iy the base, find the quotient in the column of heights, 
and take the leDglh'of that height from the next right-band column. Multiply the 
length thus obtalnel by the base of the are, and. the product will be the length of 
the arc required. 

£zA.ifPLB. — What is the length of an arc of a circle, the span or base being 100 
(bet, and the height 35 feet 1 

3S-i-100= J25, and .25, per table, gives 1.1501 ; which, being maltiplied by 100 
- ^15.9100, the length. 



dBNO^TR 4>F AN SLLIPTIG ASC. 



T7 



NoTK. — When grwt aeettrucif ik reqtdredf if^in tie diouUu <^f « ke^kt if the 
batCy there ehould Se a remainder. 

Find the lengths of the curves from the two nearest tabular h^[hts, and sub- 
tract the one length flrnm the other. Then, as the base of Ae arc of which the 
length is required is to the- remainder in the operation of diviiiony so is the di^r- 
ence of the lengtht of the curves to the complement required, to be added to the 
length. 

£xAMPLB.— Wh^t is the Jength of an are of a circle, the base of which is 35 feet, 
end the height or ^ersed sine 8 feet ? 

8-S-35=.2S8f^J.238 = 1.1333, .229=sL1344, 1.1333x35 :^ 39.6655, 1.1344X35 
= 39.7040, 39.7040*-a0.6655 = .0385, difference of lengths. 

Hence, as 35 : 5D : : .0383 : .OSSM, the length for the remtdnder, and .0S30-f- 
30.6655=39.6875, Hod .€875XlS, for inches =8^, making the Jength of the arc 30 
fiMt ^ inches. 



To find the length of an Elliptic Curve which is less than half 

of the entire Figure. 




r .,-'--^'* 



I ^^■"" 



GeohjbtricaLLT^— i«t the eurvfi of tohich the length is required be a be. 
Extend the versed sine & d to meet the centre of the curve in e. 
Draw the line ee^ and from e, with the distance eby describe bh; bisect cA in i, 
and from e, with the radius «», describe Jsi, and It is equal half the arc a 6 s. 

To find the length when the Curve is greater than half the entire 

Figure, 

Bulk.— Find by the above problem the curve of the less portion of the figure, 
and subtract it from the circumference of the ellipse, and the remainder will be the 
length of the curve required. 

G2 



I . 



.•TO 



I4EKGTHS Of SEKI-BIiLimC AECS. 



Tablb of the Lengiht of Semuelliptie Arcs. 



Haickt. 


Luagth. 


Hcicht. 


Lngib. 


Hmgbt 


Ungtk. 


Heicbt. 


LmgOi. 


.100 


1.0416 


.315 


1.2960 


.545 


1.6409 


.775 


2.0187 


.101 


1.0426 


.320 


1.3038 


.560 


1.6488 


.780 


2.0273 


.103 


1.0436 


.325 


1.3106 


.565 


1.6667 


.785 


2.0360 


.103 


1.0446 


.330 


1.3176 


.560 


1.6646 


.790 


2.0446 


.104 


1.0456 


.3H5 


1.3244 


.565 


1 .6725 


.795 


2.0533 


.105 


1.0466 


.340 


1.3313 


.670 


1.6804 


.800 


2.0620 


.110 


1.0516 


.345 


1.3383 


.675 


1.6883 


.805 


2.0708 


.115 


1.0567 


.350 


1.3454 


.580 


1.6963 


.810 


2.0795 


.120 


1.0618 


.355 


1.3525 


.585 


1.7042 


.815 


2.0883 


.125 


1.0669 


.360 


1.3597 


.690 


1.7123 


.820 


2.0971 


.130 


1.0720 


.365 


1.3669 


.595 


1.7203 


.825 


2.1060 


.135 


1.0773 


.370 


1.3741 


.600 


1.7283 


.830 


2.1148 


.140 


1.0825 


.375 


1.3815 


.606 


1.7364 


.835 


2.1237 


.145 


1.0879 


.380 


1.3888 


.610 


1.7444 


.840 


2.1326 


.150 


1.0933 


.385 


1.3961 


.616 


1*7626 


.845 


2.1416 


.155 


1.0989 


.390 


1.4034 


.620 


1.7606 


.850 


2.1505 


.160 


1.1045 


.395 


1.4107 


.625 


1.7687 


.855 


2.1595 


.165 


1.1106 


.400 


1.4180 


.630 


1.7768 


.860 


2.1685 


.170 


1.11.57 


.405 


1.4263 


.635 


1.7860 


.865 


2.1775 


.175 


1.1213 


.410 


1.4327 


.640 


1.7931 


.870 


2.1866 


.180 


1.1270 


.415 


1.4402 


.645 


1.8013 


.875 


2.1956 


.185 


1.1327 


.420 


1.4476 


.650 


1.8094 


.880 


2.2047 


.190 


1.1384 


.425 


1.4552 


.655 


1.8176 


.885 


2.2139 


.195 


1 . 1442 


.430 


1 .4627 


.660 


1.8268 


.890 


2.2230 


.200 


1.1501 


.435 


1.4702 


.665 


1.8340 


.895 


2.2322 


.205 


1 . 1560 


.440 


1.4778 


.670 


1.8423 


.900 


2.2414 


.210 


1.1620 


.445 


1.4854 


.675 


1.8605 


.905 


2.2506 


.215 


1.1680 


.450 


1.4931 


.680 


1.8587 


.910 


2.2597 


.220 


1.1741 


.455 


1.5008 


.685 


1.8670 


.915 


2.2689 


.225 


1.1802 


.460 


1.6084 


.600 


1.8753 


.920 


2.2780 


.230 


1 . 1864 


.465 


1.6161 


.695 


1.8836 


.925 


2,2872 


.235 


1.1926 


.470 


1.5238 


.700 


1.8919 


.930 


2.2964 


.240 


1.1989 


.475 


1.5316 


.705 


1.9002 


.935 


2.3066 


.245 


1.2051 


.480 


1.5304 


.710 


1.9086 


.940 


2.3148 


.2.50 


1.2114 


.485 


U5472 


.716 


1.9169 


^45 


2.3241 


.255 


1.2177 


.490 


1.5550 


.720 


1.9263 


.960 


2.3335 


.260 


1.2241 


.495 


l.,5629 


.726 


1.9337 


.955 


2.3429 


.265 


1.2306 


.500 


1.5709 


.7,30 


1.9422 


.960 


2.3524 


.270 


1.2371 


.505 


1.5785 


.735 


1.9506 


.965 


2.3619 


.275 


1.2436 


.510 


1.5863 


.740 


1.9699 


.970 


2.3714 


.280 


1.2501 


.515 


1.5941 


.745 


1.9676 


.975 


2.3810 


.285 


1.2667 


.520 


1.6019 


.750 


1.9760 


.980 


2.3906 


.290 


1.2634 


.525 


1.6097 


.765 


1.9846 


.985 


2.4002 


.295 


1.2700 


.530 


.1.6175 


.760 


1.9931 


.990 


2.4098 


.300 


1.2767 


.535 


1.6263 


.766 


2.0016 


.996 


2.4194 


.305 


1.2834 


.540 


1.6331 


.770 


2.0102 


.1000 


2.4291 


.310 


1.2901 















To find the Length of the Curve of a Right Semi- Ellipse, 

Proceed with the foregoing table by the rule for ascertaining the lengths of di^ 
eular arcs, page 76. 

ExAMPLK. — ^What is the length of the curve of the arch of a bridgef the spaa 
being 70 feet, and the height 30.10 feet 1 

30.10.4-70 =.430 = per table, 1.40Si7, and 1.4837X70 = 108.3890, the length n 
tired. 



8£]ai-£I«LIPTIC ARCS. .79 

When the Curve is not thcU of a Right Semi-Ellipsey the height 
being half of the Transverse Diameter, 

RuLK. — ^Divide balf the base by twice the height ; then prooeed aa in the forego- 
ing example, and multiply the tabular length by twice the height, and tiie prodact 
will be the length fequired. 

Example.— What is the length of the profile of arch (it being that of a semi-el- 
Ilpee), the height ple asuring 35 feet and the base 60 feet ? 

60-^2 = 3[M -35X2 = .428, the tabular length of which is 1.4597. 

Then, 1.4597x35x2 = 102.1790, ihe length required. 

Note. — When th^ quotient is not given in the column of height*, divide the dif- 
ference between the two nearest heights by .5 ; multiply the quoiient by the excess of 
the height given atd the height in the UU>le first eibove it, and add this sum to ths 
tabular area of the least height. Thus, tf the height is 118, 

.115, per table, = 1.0567 
.120, " = 1.0618 

.0051-K5 = .00102 X (118—115) = ,00306^ 
Which, added to 1.9oe7 =1.05976, the length for 118. 
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AREAS OF TBS ZONES OF A CIRCLE. 





TiBLB of the Areat of 


the ZonuM of a Cirde. 




Uaitht 


Aim. 


Reigbt. 


Ana. 


BetgU. 


Arm. 


Haight. 


Ana. 


.001 


.00100 


.116 


.11397 


.245 


.23480 


.375 


.33604 


.002 


.00300 


.120 


.11883 


.250 


.2.3915 


.380 


.33931 


.003 


.00300 


.125 


. 12368 


.255 


.24346 


.385 


.34253 


.004 


.00400 


.130 


. 12852 


.260 


.24776 


.390 


.34669 


.005 


.00500 


.135 


. 13334 


.265 


.26201 


.395 


.34879 


.010 


.01000 


.140 


.13814 


.270 


.25624 


.400 


.35182 


.015 


.01499 


.145 


. 14294 


.275 


.26043 


.405 


.36479 


.020 


.01999 


.150 


. 14772 


.280 


.26459 


.410 


.35769 


.025 


.02499 


.155 


.15248 


.285 


.26871 


.416 


.36061 


.030 


.02998 


.160 


.15722 


.290 


.27280 


.420 


.36326 


.035 


.03497 


.165 


.16195 


.295 


.27686 


.425 


.36594 


.040 


.03995 


.170 


.16667 


.300 


.28088 


.430 


.36853 


.045 


.04494 


.175 


.17136 


.305 


.28486 


.435 


.37104 


.050 


.04992 


.180 


.17603 


.310 


.28880 


.440 


•37346 


.055 


.05489 


.185 


. 18069 


.315 


.29270 


.446 


.37579 


.060 


.05985 


.190 


. 18532 


.320 


.29667 


.460 


.37806 


.065 


.06482 


.195 


.18994 


.325 


.30039 


.466 


.38015 


.070 


.06977 


.200 


.19453 


.330 


.30416 


.460 


.38216 


.075 


.07472 


.205 


.19910 


.335 


.30790 


.466 


.38466 


.080 


.07965 


.210 


.20365 


.340 


.31159 


.470 


.38853 


.085 


.08458 


.215 


.20818 


.345 


.31623 


.476 


.38747 


.090 


.08951 


.220 


.21268 


.350 


.31883 


.480 


.38895 


.095 


.09442 


.225 


.21715 


.365 


.32237 


.485 


.39026 


.100 


.09933 


.230 


.22161 


.360 


.32587 


.490 


.39137 


.105 


.10422 


.235 


.22603 


.366 


.32931 


.495 


.39223 


.110 


.10910 


.240 


.23043 


.370 


.33270 


.500 


.39270 



To find the Area of a Zone by the above Table, 

RuLB 1. — When the tone is greater than a part of a gemieirele, take the height 
on each side of the diameter of the circle, of which it is a part ; divide the heights 
by the diameter ; find the respective quotients in the column of heights, and take 
out the areas opposite to them, multiplying the areas thus found by the square of 
the diameter or chord, and the products, added together, will be the area required. 

Note. — fFhen the quotient is not given in the column of heights, divide the diffsr- 
enee between the two nearest heights by 5, and multiply the quotient by the excess beh 
(ween the height given and the height in the table first above it, and add this sum to 
the tabular area of the hast height. Thus, if the height is .333, 

.30416— .30790 =: .00374-f-5 = .000748X3 (excess of 333 over 330) = .003344+.30416 
Bs .306404, the area for 333. 

Example, — ^What is the area of zone, the diameter of the circle being 100, and 
the heights respectively 30 and 10, upon each side of it ? 

90-M00= .200, and 200, |)er table, = .]9453X100> = 1945.3. 
10-S-lOO = .100, and 100, per table, = .09933X 100> = 903.3. 
Hence, 19453+993.3 = 3938.6 Jlns. 

EuLE. — Jfhen the zone is less than a semicircle^ proceed as hi rule 1 for one 
height. 

Example. — ^What is the area of a zone, the longest chord being 10, and the 
height 4 ? 

4-1-10 = .400 = .35182X 10* = 35.183 Jins. 
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MENSUEATION OF SOLIDS. 



23. OS CUBES AND PABALLBLOFlPEIiONa. 




Tofindlhe SelidUyafa CvU—fig.^. 

Rule. — Multiply Ihe side or tbe cube by tUeir, and that product 

agaia by the side, aod this last product will be tbe solidity. 

Tefind the Solidity cfa PaTolieii^pedon—J^. SI. 

Hdlc. — Multiply the length by tbe breadth, and that product by 

the depth, and this product is the Bohdity. 

OF REGULAR BODIES. 
Ihfmd the Sohdih/ of any Regular Body. 
RDI.B. — Multiply tbe tabular aolidiiy in the following table by the 
ci^e or the fihear edge, and the product is the solidity. 

TiBtBofUe Solidities of lie Btgniar Bedia when the lAxar Edge it 



Nu>.t*r<rahi» 


Nua. 


fei.aii$~. 


4 


Tetrahedron. 


011785 


6 


Herahedron. 


1,00000 


8 


OcUhedroH. 


liilliO 




Dodecahedron. 


r.66313 


3D 


Icosahedron, 


3.18160 



OF CYLINDERS, FBtSHS, AND ITNGULAS. 




lb find the Solidiiy of CyUnden, Pritms, and Ungvlas—figi. 2ft, 88, 

Rule. — Multiply the area of the base by tbe height, and tbe prod- 
uct is the solidity. ^ 
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MBIffllTRATION OF SOLIDS. 



To fmd the SoUdUy of an Ungula,Jig. 28, when the section passes 
oUiquebf through the cyUwUr, abed, 

Ru LB. —Multiply the area of the base of the cylinder by half the 
aum of the greater and less heights a e^ cf of the ungala, and the 
product is the solidity. 

When the Section passes through the base of the OyUnder and otu of its 

sides— Jig. 29, abc. 

Rule. — From | of the cube of the right sine a <2, of half the arc 
ag of the base, subtract the product of the area of the base, and the 
cosine df of said half arc* Multiply the difference thus found by 
the quotient of the height, divided by the versed sine, and the prod- 
uct is the solidity. 

When the Section passes ooliquely through both ends of the Cylinder ^ 

adce—fig. w. 

Rule.— Find the solidities of the ungulas ddee and dhcy and the 
difference is the solidity required {conceiving the section to be con- 
tinued till it meets the side of the cylinder). 

NoTK.— For rales to aweTtain the solidity of conical ungulas, see AyoR's Bwmf 
cartW* Meruurationt page 136 (18S9). 

OF CONES AND PTRAMIDS. 



34. 





7b find the SoUdity of a Come or Pyramid—figs. 31 and 33. 

Rule.— Multiply the area of the base by the height ed, and ) the 
product will be the conteat. 

Tofimd the SotidUy of the ^vstrum of a Cone— fig. 32. 

Rule. — Divide the difference of the cubes of the diameters ab^ed 
of the two ends by the difference of the diameters ; this quotient, 
multiplied by .7854, and again by | of the height, will give the so- 
lidity. 

Tbjmd the SoUdity of the Prustrum of a Pyramid—fig. 34. 

Rule.— Add to the areas of the two ends of the frustnim the 
square root of their product, and this sum, multiplied by i of the 
height a 6, will give the solidity. 

* if the height of the base be less than radius, otherwise add them. 



XEItSUBATION OF SOLIDS. 
07 WEDDKS AND FBISMOIDS. 



To find at SotidUy efa Wtdgt—fig. 35, 

Rdli. — To Ilie length or Che edge of Ihe wedge d e add twice the 

length or the backai; multiply this sum by the height of the wedge 

if, and then by the breadth or the back ea, and j of the prudact 

will be the solid content. 

To find Ihe Solidity of a PHsmmd—Jig. 36. 
RiTLB. — Add Ihe areas of the two ends a ht, dtf. and four times 
the middle section gh. parallel to them, together ; multiply this suin 
by i of the height, and it will give the sulidity. 



, OF SPHERES. 




nfind lie fiWiifly of a Spiat—Jtg. 37. 
RttLi. — Multiply the cube of the diameter by .S236, and the prod' 
not is the solid it j. 

TBfindOeSoHtlityofaSpi.fncalS'gmenl—Jig.SB. 
Rdlb. — To three titnes the square of the radius of its base a h. add 
the square of its height c b ; then multiply this sum by the heigbt, 
and the product by .G236. 

T^ifind lit SaUdily of a Spherical Zone or Fmlmm—fig. 39. 

Rin.1. — To the sum of the squares of the radius of each end 

«i^Gif, add } of the square of the height id of the zone: and this 

sum, multiplied by the height, and the product by 1.0706, will give 

the solidity. 



MENSURATION OF SDLIDS;: 



SPHEROIX>S.* 




To find the Soliditn/ of a Spheroid— fig. 40. 

Rule. — Multiply the square of tlie revolving axis cdhy the fixed 
axis a h ; the product, multiplied by .5236, wifl give the solidity. 

To find the Solidity offihe Segment of a Spkeroid-^fig», 41 and 42. 

Rule. — When the hose efts circular ^ or parallel to the revolving, axis 
cdy fig. 41. Multiply the fixed axis ai by 3, the height of the seg- 
ment a ^ by 2, and subtract the one product from the other ; then 
multiply the remainder by the square of the height of the segment; 
and the product by .5236. Then, as the square of the fixed <axis is 
to the square of the revolving axis, so is the last product to the 
content of the segment. 

Rule. — When the base ef is perpendictdar to the revolving axis cd, 
fig. 42. Multiply the revolving axis by 3, and the height of the seg- 
ment c ^ by 2, and subtract the one from the other ; then multiply 
the remainder by the square of the height of the segment, and the 
product by .5236. Then, as the revolving axis is to the fixed axis, 
so is the last product to the content. 

Tb find the Solidity of the Middle Frustrum of a Spheroid— figs. 43 

and 44. 

Rule. — When the ends ef an4 gh are cireulaTi or parallel to the -re- 
volving axis c df fig. 43. To twice the square of the revolving axis c rf. 
add the square of the diameter of either end, ef or gh ; then multi- 
ply this sum by the length a 6 of the frustrum^ and the product again 
by .2618, and this will give the solidity. 

Rule. — When the ends ef and gh are elliptical^ or perpendicular to 
the revolving axis c d, fig. 44. To twice the product of the transverse 
and conjugate diameters of the middle section a b, add the produit^t 
of the transverse and conjugate of either end ; multiply this sum by 
the length Ik of the frustrum, and the product by .2618, and this will 
give the solidity. 

* Spheroids are either Prolate or Oblate. They are prolate when produced by the 
"^▼olution of a semi-ellipse about its transverse diameter, and oblate when producet" 
an ellipse revolrrag about its conjugate diameter. 



MENSURATION OF 80LIBS. 
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OF CIBCUI^B SPINDLES. 



--> 




Thfind the SolidUp of a Circular SpiruUe—fig, 45 

RuLi. — Multiply the central distance oe by half the area of the 
reYolving segmeat a c ef. Subtract the product from ^ of the cube 
fe of half the length ; then multiply the remainder by 12.6664 (or 
four times 3.1416), and the product is the solidity. 

Tbjind the SoUdUy of the Frust/rum^ or Zori^ of a CircuUvr Spiihdl/^— 

flg.4&. 

KuLE. — From the square of half the length h % of the whole spin- 
dle, take \ of the square of half the length ni of the frustrum, and 
multiply the remainder by the said half-length of the frustrum ; mul- 
tiply the central distance o i by the revolving area* which generates 
the frustrum ; subtract the last product from the former, and the 
remainder/ hiultiplied by 6.2832 (or twice 3.1416), will give the so- 
lidity. 

47. 



OF ELLIPTIC SPINDLES. 



1. 



<» 

--'— "*^"'--^ 
r,-- "- 




Tbfmd the Solidity of an EUiptic Spindle— fig, 47. 

Rule. — ^To the square of the greatest diameter a b, add the square 
of twice the diameter ef at \ of its length ; multiply the sum by the 
length, and the product by .1309, and it will give the solidity nearly. 

Tbfmd the Solidify of a Frusbrum or Segynewt of an EUiptic Spindle — 

fig,^. 

RuLB. — Proceed as in the last rule for this or any other solid 
formed by the revolution of a conic section about an axis, viz. : Add 
together the squares of the greatest and least diameters, ah^cd^ and 
the square of double the diameter in the middle, between the two ; 
multiply the sum by the length ef and the product by .1309, and it 
will give the solidity. 

Not*.— For all such tolicia, this rule is exact when the body is fonned by the copic 
section, or a part of it, revolving about the axis of the section, and will always be 
very near when the figure revolves about another line. 

* The area of the frustrum can be obtained by dividing its central plane into seg- 
of a circle, and triangles or parallelograms. ^ 
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OF PARABOLIC CONOIDS AND SPINDLES. 
S 60. 





Tojmi the SoUdiiy of a ParaioUc Omtnd*'-fig. 49* 

Rule. — Multiply the area of the base i2c by half the attitude fg^ 
and the product will be the aolidity. 

Note.— This rule will hold for any sennent of the paraboloid, whether the 
be perpendicular or oblique to the axis of the 8<did. 

Tofind the SotidH/y of a FYusimm of a Parabohidr-fig. 48« 

RuLBi — Multiply the sum of the squares of the diameters ak 
dc by the height ef and the product by .3927. 

To find the SolidUy tf a Parabolic Spiin4le*-^g, 50, . 

Rule. — Multiply the square of the diameter a 6 by the length 4 c, 
and the product by .4188, and it will give the solidity. 

Tofmd tke SolidUy of the MiddU Frtistrumof a ParabciioSpindU — 

fig. 51. 
Rule. — Add together 8 times the square of the greatest diameter 
edjS times the square of the least diameter ef and 4 times the 
product of these two diameters ; multiply the sum by the l^agth ai« 
and the product by .05236, and it will give the solidity. 

OF HYPERBOLOIDS AND HYPEEBQUC CONOIDS. 

e 




Th find the Solidity of a HyperboUnd^^fig. 53. 

Rule. — To the square of the radius of the base a b, add the sqnaM 
of the middle diameter n m ; multiply this sum by the height e r, and 
the product again by .5236, and it will give the solidity. 

* The parabolic conoid ia as ^ it* circnmacribinr cylinder. 
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RuLK. — Add together the squares of the greatest and least semi- 
diameters a s and d r, and the square of the whole diameter n m in 
the middle of the two ; multiply this sum by the height r «, and the 
yrodiict by .<»836, and it will give the solidity. 

OF CYLINDRICAL RINGS. 




Ihfaid the SdUdUy of a O^mdrical Ring^fig,6i. 

Rule.— To the thickness of the ring d b^ add the inner diameter 
he; then multiply* the sum by the squane of the thickness, and the 
IHToduct by 2.4674, and it will give the solidity. 



BY MATHEMATICAL FORMULfi. 

FRUSTRVM OF A RI&HT TRIANGULAR PRISM* 

The base Xi(A+A'4-A"), h being the heights. 

FRUSTRUM OF ANY RIGHT PRISM. 

The base x its distance from the centre of gravity of the eectuni. 

CYLINDRICAL SEGMENT. 

Contained between thte base and an oblique plane passing through 
« diameter .<Mf the base, twioe the height, x the quotient of the square 
^ the radius rr3 ; or }Ar*, r being the radius and h the height. 

SPHERICAL SEGMENT. 

^(3r*+i^^), r being the radius of the base, and h the height of the 
segment. 

SPHERICAL ZONE. 

^(3R*+3r'+A*), Rr being the radii of the baaea. 
o 

SPHERICAL SECTOR. 

)r X the surface of the segment or zone. 

ELLIPSOID. 

, a being the reyolving diameter, and h the axisof revoldtion 
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88 XKNSVRATION OF SOJJ])% 

PARABOLOID. 

i area of the baae x the height. 

CIRCULAR SPINDLE* 

j?(|<;'— 2»^r* — \e^), s being the area of the roTtdTing segment, 
and c its chord. 

ANY SOLID OF REVOLUTION. 

Zprs ; or, the area of the generating surface X the circumference 
described by its centre of gravity. 

NoTX.— If bounded bj a curved suxiace, find the area by the rule for irregular 
plane figures. 

T\ffind a Cylinder of a Given Solidity (b) with the tfioA Surface^ 
Let a •==■ altitude, and d == diameter of base. 

Then ^^ = ft, and 2-- =r sum of bases. 
Convex surface . s=jM2a, or-j. 



Therefore 



fd« 4A 

*-^- + -r = a minimum. 

S5 a 



CASK GAUGING. 

Casks are usually comprised under the following figures, viz. * 

1. The middle frustrum of a spheroid. 

2. The middle frustruin of a parabolic spindle. 

3. The two equal frustrums of a paraboloid. 

4. The two equal frustrums of a cone, 

and their contents can be computed by the preceding rules for these 
'figures. 

Tb fmd ike Content of a Cask by four Dimensions. 

Rule. — Add together the squares of the bung and head diame- 
ters, and the square of double the diameter taken in the middle be- 
tween the bung and head ; multiply the sund by the length of tiie 
cask, and the product by .1309. , 

. Or, M309 (d«+D*+2M«), / being the length, rfD the head and 
bmig diameters, and M a diameter midway betv^en them. 

Or, f( ), <f DM being the areas of the diameters. 

Or, I X area of —5 — . 

ULLAGE CASKS. 
When the Cask is standing, 
^ X(^i^t51), / being the height of the fluid. 
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When the Cask is m Us bttge, 

Roxc^-^vide the wet inches by the hung diameter, aod oppo- 
•ile to the quotient in tbe colamn of versed sines, page 72, take the 
area of the segment ; mnltiply this area by the content of the cask 
111 in<^ie8 or gaUons, and the product by 1.26 fbr the uUage requked. 

£z4Jiifi.E. — What' is the ullage of a cask that contains 25689 
cubic incheS} and has 8 iucbes of Jiiquor oi^ its bilgs, the bung diam- 
eter 38 inches 1 Ans, 4930. 



s Exem^es in Illustration of the foregoing Rules. 

a, Thetideof a Qtt)>e «4^ ilg. S3, is 5 iBChet; what is Om solidiiy 1 

Jint. 13S« 

8. The toi^ of jft, parnllelopipodoD ;i 6, fig. 24, is 8 indies, its depth Ac and 
bxMihlfc cd i inches ; what is the solidity 1 ^ns, 1S8. 

a. The base of * cyliadier a^ 4g. ^ is 30 inches, and the heiriit » c 50 inches ; 
witft is Ibe «Qlidity 1 , ^ns. 80.4531 cubic feet. 

4. The sldlee of a jNrisni ab, As, ^. 29, ane each 5 inches, and the height 64 10 
ittfelM»; wliat is the solidity ? 

5±5±? s- 7^ ; then 7.S--5 . 7J-5 . 7.S-6=&5 . v^JSX&SXSTSxSixlOss 

•I. 

108.6 Jitu, 

5. The base of an nngola, flg. 27, is a semicircle, the radius S inches, and the 
height of the figure 35 inches ; what is the solidity 1 ^n«. S81.75. 

& The base <^an ungula, fig. 28, is a circle, the radius 8 inches, and the heights 
of the sides 9 and 4 inches ; what is the solidity 1 Ans. 603.180. 

7. The base of a cone, fig. 31, is 80 inches, and the height ci 84 ; whnt is the 
■olidity ? Ans. 2513.28. 

8. The diameter of the greater end e d of the fnistrum of a ccme, fig. 32, is 5 feet, 
the less end ab3 feet, and the perpendicular height 9 feet ; what i.s the solidity 1 

Ans. 115.4538. 

9. What is the solidity of the frastrum of a hexagonal pyramid, fig. 34, a side ed 
of the greater end being 4 feet, and one of the lesser end 3 feet, and the height ah 
9 feet f Ans, 288.3864. 

10. How many solid feet are there in a wedge, flg. 35, the base a & is 64 inches 
long, « a 9 inches, d e 43 inches, and the height df 28 inches 7 Am. 4.1319. 

11. What is the solidity of a rectangular prismoid, fig. 36, the base being 12 by 
M hiehes^ the top 4 by 6 inches, and the perpendicular height 18 feet 1 

Ans. 10.666. 

18. What is the solidity of the sphere, fig. 37, the diameter being 17 inches 1 

An*. 2572.4468. 

13. The segment of a spheie, fig. 38, has a radios a A of 7 Inches for its base, and 
in height * c is 4 faiches ; what is the solidity 1 Aiu. 341 .3873. 

14. The greater and less diameters of a spherical zone, fig. 39, are each 3 feet, 
•nd the he^ht dbA feet ; what is the solidity in cubic feet 1 Ant. 61.7843. 

15. In the prolate spheroid, fig. 40, the fixed axis a A is 100, and the revolvfaag 
aads ediaCO; what is the soUdity 1 Ant. 188496. 

16. The segment of a spheroid, fig. 41, Is cut from a spheroid, the fixed axis of 
which, a A, is 100 inches, the height of the s^ment a ^ is 10, and the revolving 
•ads 60 ; what is the solidity of It ? An». 14660.8. 

17. The fixed axis e li, fig. 42, is 60, the revolving axis 100, and the height of the 
segment eg 8 inches ; what is iu solidity 1 Ang. OlSOJiOO. 

1& What is the solidity of the middle frustrum of a spheroid, fig. 43, the middle 
dtameter sd brtng 60, s/and gk each 36, and the length a ft 80 1 

.^M. 177940,2^ 
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19. In the middle friMtrnm »/fM, fig* 44,«ii Mate sphpnrid, the diameters of flis 
ends are 40 by 34 inches, the middle diameters are 50 and 30, and the height Ik ki 
16 inehes ; what is the BoUdity 1 Am, 186QUi04. 

90. What is the solidity of a circular qrfndle, flg. 45, the distance o e 7.0Tlneb6% 
the length fe 7.07 Inches, and the radius clO inches ? An». 3iaO& 

81. The length of an elUpdc spindle «<», fig. 47, is 85, its greatest diameter edfU, 
and the diameter «/, at 1 of Its length, 20 inches ; what is its solidity ? 

wfiM. 94750.4635. 

93. What is the solidity of the parabolic conoid, fig. 49 ; its height ^/is 8Q, and 
the diameter de of its base 100 inches 1 JH». 235690. 

23. What is the solidity of the parabolic frttstrum a&ei, fig. 49, its diameters dt 
SB, a b 30, and height «/ 18 inches 1 Ans. 30140.5104. 

94. What is the loUdity of the parabolic spindle, fig. 50, ad being 40, and «d 100 
inches ? Ant. 67006.8. 

95. The middle fhistnim of a parabolic spindle, fig. 51, has cASO, e d jWi, and «/ 
30 inches ; what is its solidity 1 An», 63774.48. 

86. In the hyperbolold, fig. 58, the height «r Is 10^ the radius ar 19, and'tfao 
middle diameter n m 15.8745 ; what is the solidity 1 An». 9073.454601. 

97. The frustrum of the hyperboUc conoid, fig. 53, has r« 18, «l»'lt, «Ie 0, and 
» OT 8 Ji inches ; what is the solidity ? Atu. 067.59. 

88. The thickness a b, fig. 54, of a eylindric ifng Is 3 Inches, And the inner dia'te 
terebS inches ; what is the solidity 1 Ant, 8449?M. 

89. Required the soHdlty of an ieosahedrou, its Hnear edge being 8 1 

Ant. 17.45958. 

90. Required the content of a cask, the length behig 40^ the bung and he4d di- 
ameters 94 and 32, and the middle diameter 98.75 inches. Ant. 25680.18S. 
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Arxas of OitLChXBf from Vto 100. 



AMft. 



.00019 

.00076 

.00306 

.01227 

.02761 

.04908 

.07669 

.1104 

.1503 

.1963 

.2465 

.3067 

.8712 

.4417 

. .5184 : 

.6013 

.6902 

.7864 

.9940 

1.237 

1.484 

1.767 

2.073 

2.405 

2.761 

8.14L 

8.546 

8.976 

4.430 

4.908 

5.411 

5.939 

6.491 

7.068 

7.669 

8.295 

8.946 

9.621 

10.320 

11.044 

11.793 

12.566 

13.364 

14.186 

15.033 

15.904 

16.800 

17.720 

18*665 
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8 



9 



10 



11 



1 
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19.635 
20.629 
21.647 
22.690 
23.758 
24.850 
25.967 
27.108 
28.274 
29.464 
30.679 
31.919 
33.183 
34.471 
35.784 
37.122 
38.484 
39.871 
41*282 
42.718 
44.178 
45.663 
47.173 
48.707 
50.265 
51.848 
53.456 
55.088 
56.745 
58.426 
60.132 
61.862 
63.617 
65.396 
67.200 
69.029 
70.882 
72.759 
74.662 
76.588 
78.539 
80.515 
82.516 
84.540 
86.590 
88.664 
90.762 
92.885 
95.083 
97.206 
99.402 
101.62 
103.86 
106.13 
108.43 
110.75 
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14 



15 



16 



17 



18 
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113.09 

115.46 

117.85 

120.27 

122.71 

126.18 

127.67 

130.19 

132.73 

135.29 

137.88 

140.50 

143.13 

145.80 

148.48 

151.20 

153.93 

156.69 

159.48 

162.29 

165.13 

167.98 

170.87 

173.78 

176.71 

179.67 

182.65 

185.66 

188.69 

191.74 

194.82 

197.93 

201.06 

204.21 

207.39 

210.59 

213.82 

217.07 

220.35 

223.65 

226.98 

230.33 

233.70 

237. 10 

240.52 

243.97 

247.45 

250.94 

254.46 

258.01 

261.58 

265.18 

268.80, 

272.44 

276.11 : 

279.81 
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23 



24 



25 
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883. M 

287.27 

291.03 

294.83 

298.64 

.302.48 

306.35 

310.24 

314.16 

318,09 

322. 06 

326.05 

330.06 

334.10 

338.16 

342.25 

346 »86 

350.49 

354,65 

358.84 

363.05 

367,28 

371.54 

375.82 

380.13 

384.46 

38|»82 

393.20 

397.60 

402.03 

406.49 

410.97 

415,47 

420.00 

424.55 

429.13 

433.73 

43S.30 

443.01 

447.69 

452.89 

457.11 

461.86 

466.63 

471.48 

476.25 

481.10 

485.97 

490.87 

495.79 

500.74 

50^.71 

51Q.70 

515.79 

580.^ 

6^ 
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TABi.a>-(0oiiliirae4). 
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530,«8 

53$. 04 

54K18 

546.35 

551.54 

556.76 

562.00 

567.26 

572.M 

577.87 

588.20 

588.57 

593.95 

599.37 

604.80 

610.26 

615. 7S 

621.26 

626.79 

632.35 

637.94 

643.54 

649.18 

654.83 

660.52 

666.22 

671.95 

677.71 

683.49 

689.29 

695.12 

700.98 

706.88 

712.76 

718.69 

724.64 

730.61 

736.61 

742.64 I 

746.69 

754. 7» 

760.86 

766.99 

77a. 14 

779.31 

78&.51 

791.73 

797.97 

804.24 

810.54 

8ie.86 

823.21 

829.57 

835.97 

848.39, 

648.83 i 
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35 



"I 



86 



37 



ao 
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855^0 

861.79 
868.30 
874.84 
881.41 
888.00 
894.61 
901.25 
907.82 
914.61 
921.32 
928.06 
934.82 
941.60 
948.41 
955.25 
962.1-1 
968.99 
975.90 
982.84 
989.80 
99(1.78 

iooa.7 

1010.8 
1017.8 
1024.9 
1032.0 
1039.1 
1046.3 
1053.5 
1060.7 
1067.9 
1075.8 
1082.4 
1089.7 
1097.1 
1104.4 
1111.8 
1119.2 
1126.6 
1134.1 
1141.5 
1149.0 
1156.6 
1164.1 
1171.7 
1179.3 
1186.9 
1194«5 
1202.2 
1209.9 
1217.6 
1225.4 
1283.1 
1240.9 
1248.7 



DUnnttr. 



.* 



1256.6 

1264.5 

1272.3 

1280.3 

1288.2 

1296.2 

1304.2 

1312.2 

1320.2 

1328.3 

1386.4 

1344.5 

1352.6 

1360.8 

1369.0 

1377.2 

1385-4 

1393.7 

1401.9 

14i0.2 

1418.6 

1426.9 

1435.3 

1443.7 

1452*2 

1460.6 

1469.1 

1477.6 

1486.1 

1494.7 

1503.3 

1511.9 

1520*5 

1529.1 

1587.8 

1546.5 

1555.2 

1564.0 

1572.8 

1581.6 

1590.4 

159d.2 

1608.1 

161.7.0 

1625.9 

1634.9 

1643.8; 

1652.8 

1661. <9 

167.0.9 

1660.0 

1689.11 

16fi8.2 

1707.3: 

1716. 5| 

1725.7! 



48. 



;-! 



•' 



50. 



1734.9 
1744.1 
1753.4 
1762.7 
1772.0 
1781.3 
1790.7 
1800.1 

1809.5 
1818.9 
18^.4 
1837.9 
1847.4 
18S6.9 
1866.5 
1876.1 
1885.7 
181^.3 
1905.0 
1914.7 
192)1.4 
1934.1 
1943.9 
1963.6 
1963.5 
1973.3 
1983. 1 
199^.0 
2002.9 
2012.8 
2022.8 
203^.8 
2042^ 
205^.8 
20&.9 
2072;. 6 
2083.0 
209SL.2 
2103.3 
211^.. 5 
812B,7 

^iaa.9 

^144.1 
21S4.4 
2164-7 
217^.0 
218^.4 
319^.7 
8206 a 
S2t^:6 
'222T-0 
2237.6 
.^246.0 
2266.6 
2269.0 

;22r9.6 
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64 



66 



66 



67 



66 



69 



60 



I 
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12290.2 

2300.8 

2311.4 

2322.1 

2332.8 

2343.6 

2354.2 

2365.0 

2375^ 

2386.6 

2397.4 

2408.3 

241^.2 

2430.1 

2441.0 

24/>2.0 

2463.0 

2474.0 

2485.0 

2496.1 

2507.1 

2518.2 

2520.4 

2540.5 

256.1 . r 

2562.9 

2574.1 

2585.4 

2596.7 

2608.0 

2619.3 

2630.7 

2642.0 

2653.4 

2664.9 

2676.3. 

2687.8 

2699.3 

2710.8 

2722.4 

2733.9 

2745.5 

2757.1 

2768.8 

2780.5 

2792.2 

2803.9 

2815.6 

2827.4 

2839.2 

2861.0 

2862.8 

2874.7 

2886.6 

2698.5 

2910.5 



61 



62 



63 



64 



65 



66 



67 



I 
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2922.4 

2934.4 

2946.4 

2958.5 

2970.5 

2982.6 

2994.7 

3006.9 

3019.0 

3031.2 

3043.4 

3055.7 

3067.9 

3080.2 

3092.5 

3104.8 

3117»2 

3129.6 

3142.0 

3154.4 

3166.9 

3179.4 

3191.9 

3204.4 

3216.9 

3229.5 

3242.1 

3254.8 

8267.4 

3280.1 

8292.8 

8305.5 

3318.3 

83ai.O 

3343.8 

3356.7 

8369.5 

8.382.4 

8395.3 

8408.2 

3421.2 

3434.1 

3447.1 

8460.1 

3473.2 

3486.8 

3499.8 

3512.5 

8525.6 

8538.8 

8552.0 

8565.2 

8578.4 

8591.7 

8605.0 

8618.8 



68 



71 



7« 



I 



69 






70. 



I 
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73. 



i 



74. 



3631.6 

3645.0 

8658.4 

3671.8 

S685.2 

3698.7 

3712.2 

3725.7 

8789.2 

8752.8 

8766.4 

8780.0 

8793.6 

8807.3 

8821.0 

8834.7 

8848.4 

8862.2 

8875.9 

8880.8 

8903.6 

3917.4 

8931.8 

8945.2 

3959.2 

8973.1 

8987.1 

4001 . 1 

4015.1 

4029.2 

4043.2 

4067.3 

4071.5 

4085.6 

4099.8 

41U.0 

4128.2 

4142.5 

4156.7 

4171.0 

4185.8 

4199.7 

4214.1 

4228.5 

4242.9 

4257.3 

4271.8 

4286.3 

4800.8 

4315.8 

4329.9 

4344.5 

4859.1 

4873.8 

4888.4 

4408.1 



75 



76 



77 



78 



79 



80 



81 
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441T;8 
4432.6 
4447.3 
4462.1 
4476.9 
4491.8 
4506.6 
4521.5 
4536.4 
4551.4 
4566.3 
4581.3 
4596.8 
4611. 8 
4626.4 
4641.5 
465G.6 
467.1.7 
4686.9 
4702.1 
4717.3 
4732.6 
4747.7 
4763.0 
4778.« 
4793.7 
4809.0 
4824.4 
4839.8 
4855.2 
4870.7 
4886.1 
4901.6 
49L7.2 
4932.7 
4948.8 
4968.9 
4979.5 
4995.1 
5010.8 
5026.6 
5042.2 
5058.0 
5073.7 
5089.5 
5105.4 
5121.2 
5137.1 
5153.0 
5168.9 
5184.8 
5200.8 
5216.8 
5282.8 
5248.8 
I 6264.9 
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TA»in»^(Coiitiiiaed). 



«3. 



83 



Si 



86 



86 



i 



6281.0 

6497.1 

5313.2, 

6329.4^ 

5345.6 

5361.8. 

6378.0- 

5394.3' 

54ia^6 

5426.9 

5443.2 

5469.6 

547^.0 

5492.4 

5608.8 

5825. 3 i 

5541.7 

5568.2 

5574. 8 

5591.3 

56a7.9 

5624.5 ; 
5641 . 1 
5657.8 ; 

5674.6 ; 
5691.2' 
67U7.9 
5724.6 
5741.4* 
57.'»8.2! 
5775 01 
5791.9' 
5808.8 } 
5825.7 
5842.6 
5869.5 
5876.5 
5^3.5 
5910.5 

5927.6 

:— t- 

1 



87 



88 



89 



90 



91 



* 



I 



i 

I 



I 



6944.6. 

5961.7 

5978.9 

5996.0 

6013.2 

6030.4 

6047.6 

6064.8 

6082.1 

6099.4 

6116.7 

6134.0 

6161.4 

6168.8 

6186.2 

6203.6 

6221.1 

6238.6 

6266.1 

6273.6 

6291.2 

6308.8 

6326.4 

6344.0 

6361. .7 

6:r71l.4 

0;)i)7.1 

6414.8 

64»)2.6 i 

6450.4 

6468.2, 

6486.0 

6503.8 

6521.7! 

6539.6; 

6557.6 

6575.5: 

6593.5' 

6611. 5; 

6629.5 



92 



93 



94 



05 



96 



t 



i 



i 



6647.6 

6665.7 

6683.8 

67Q1.9 

6720.0 

6738.2 

6756.4 

6776.4 

6792.9 

6811.1 

6829.4 

6847.8 

6866.1 

6884.5 

690^.9 

6921.3 

6939.7 

69.58.2 

6976.7 

6995.2 

7013.8 

7032.3 

7050.9 

7069.5 

7088.2 

7106.9 

7125..': 

7144.3 

7163.0 

718.1.8 

7200.5 

7219.4 

7238.2 

7257.1. 

7275.9 

7294.9 

7313.8 

7332.8 

7351.7 

7370.7 

\ 



97 



98 



99 



100 



7389.8 
7408.8 
7427.9 
7447.0 
7466.2 
7485.3 
7604.5 
7523.7 
7542.9 
7662.2 
7681.5 
7600.8 
7620.1 
7639.4 
7658.8 
7678.2 
7697.7 
7717.1 
7736.6 
7756.1 
7775.6 
7795.2 
7814.7 
78;)4.3 
78.53 .f 
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CirtBO)fiBfBDCC< 



.0490 
.0981 
. 1963 
.3926 
.5890 
.7854 
.9517 
1.178 
1.374 
1.570 
1.767 
1.96Q 
2.159 
9.356 
3.662 
2.748 
2.945 
3.141 
3.534 
3.927 
4.319 
4.712 
5.105 
5.497 
5.890 
6.^83 
6. $75 
7.068 
7.461 
7.854 
8.!!»46 
8.639 
9.032 
9.424 
9.817 

10.21 

10.69 

10.99 

11.88 

11.78 

12.17 

12.56 

12.95 

13.35 

13,74 

14.13 

14.52 

14.92 

15.31 



Dbmeter. 



6. 



6 



8 



9 



10 



11 



\ 



dmiBiwi snc^« 



15.70 

16.10 

16.49 

16.88 

17.27 

17.67 

18.06 

18.45 

18.84 

19.24 

19.63 

20.02 

20.42 

20.81 

21.20 

21.57 

21.99 

22.38 

22.77 

23.16 

23.56 

23.95 

24.34 

24.74 

25.13 

25.62 

25.91 

26.31 

26.70 

27.09 

27.48 

27.88 

28.27 

28.66 

29.05 

29.45 

29.84 

30.23 

30.63 

31.02 

31.41 

31.80 

32.20 

32.59 

32.98 

33.37 

33.77 

34.16 

34.55 

34.95 

35.34 

35.73 

36.12 

36.52 

36.91 

37.30 
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13 



14 



16 



17 



18 
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I 
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37.69 
38.09 
38.48 
38.87 
39.27 
39.66 
40.05 
40.44 
40.84 
41.23 
41.62 
42.01 
42.41 
42.80 
43.19 
43.58 
4a. 98 
44.37 
44.76 
45.16 
45.55 
45.94 
46.33 
46.73 
47.12 
47.51 
47.90 
48,30 
48.69 
49.08 
49.48 
49,87 
50.26 
50.65 
51.05 
51.44 
51.83 
52.22 
52.62 
53.01 
53.40 
53.79 
54.19 
54.. 58 
54.97 
55.37 
5.5.76 
56.16 
56.54 
56.94 
57.33 
57.72 
58.11 
58.51 
58.90 
50.29 



19. 



20. 



21 



32 



23 



24 



25 



i 



59. 6» 
60.08 
60.47 
60.86 
61.26 
61.65 
62.04 
62.43 
62.^9 
63.22 
63.61 
64.01 
64.40 
64.79 
65.18 
65.58 

65.99 
66; 36 
66i75 
67.15 
67.54 
67.93 
68.32 
68.72 
69. U 
69;. 50 
69.90 
70*29 
70.68 
71.07 
71.47 
71.86 

72.26 

72.64 

73.04 

73.43 

73.82 

74.31 

74.61 

75. 

75.39 

75.79 

76.18 

76.57 

76.96 

77.36 

77.76 

78.14 

78.54 

78.93 

79.32 

79.71 

80.10 

80.50 

80.89 

81*28 
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TABVi^Ckwtinued). 



^ 



27 



38 



29 



80 



81 



i 



32 



1 



81.98 
82.07 
62.46 
82.85 
83.25 
83.64 
84.03 
84.43 
84.82 
85.21 
85.60 
86. 
86.^9 
86.78 
87.17 
87.57 
87.96 
88.35 
88.75 
89.14 
89.53 
89.92 
90.32 
90.71 
91.10 
91.49 
91.89 
92.28 
92.67 
93.06 
93.46 
93.85 
94.24 
94.64 
95.03 
95.42 
95.81 
96.21 
96.60 
96.99 
97.38 
97.78 
98.17 
98.. 56 
98.96 
99.35 
99.74 
100.1 
100.5 
100.9 
101.3 
101.7 
102.1 
102.4 
102.8 
103.2 



33 



34 



35 



36 



37 



38 



39 



i 
i 
f 

} 

i 

i 



i 



i 



i 



CiVBimMraiio^ 



103.6 

104. 

104.4 

104.8 

105.2 

105.6 

106. 

106.4 

106.8 

107.2 

107.5 

107.9 

108.3 

108.7 

109.1 

109.5 

109.9 

110.3 

110.7 

111.1 

111.5 

111.9 

112.3 

112.7 

113. 

113.4 

113.8 

114.2 

114,6 

115, 

116,4 

115.8 

116.2 

116,6 

117. 

117.4 

117.8 

118.2 

118.6 

118.9 

119.3 

119.7 

120.1 

120.5 

120.9 

121.3 

121.7 

122.1 

122.5 

122 « 9 

123.3 

123 . 7 

124. 

124.4 

124.8 

125.2 



Diaader. 



40 



41 



42 



43 



44 



45 



46 



125.6 

126. 

126.4 

126.8 

127.2 

127.6 

128. 

128.4 

128.8 

129.1 

129.5 

129.9 

130.3 

130.7 

131.1 

131.5 

131.9 

132.3 

132.7 

133.1 

133.5 

133.9 

134.3 

134.6 

135. 

135.4 

135.8 

136.2 

136.6 

137, 

137.4 

137.8 

138.2 

138.6 

139. 

139.4 

139.8 

140.1 

140.5 

140.9 

141.3 

141.7 

142.1 

142.5 

142.9 

143.3 

143.7 

144.1 

144.5 

144.9 

145.2 

145.6 

146. 

146.4 

146.8 

147.2 



47 



48 



I 



49 



50 



51 



52 



53 



Cireamfef^ 

147.6 

148. 

148.4 

148.8 

149.2 

149.6 

150. 

150.4 

150.7 

151.1 

151.6 

151.9 

152.3 

152.7 

153.1 

153.5 

153.9 

154.3 

154.7 

155.1 

155.5 

155.9 

156.2 

156.6 

167. 

157.4 

157.8 

158.2 

158.6 

159. 

159.4 

159*8 

160.2 

160.6 

161. 

161.3 

161.7 

162.1 

162.5 

162.9 

163.3 

163,7 

164.1 

164.6 

164.9 

165.3 

165.7 

166,1 

166.-5 

166.8 

167.2 

167.6 

168. 

168.4 

168.8 

169.2 



CfRCUaiFEBENCES OF CIBCLE8. 



97 



Tabic — (Continued). 



thuMtor CircatofatcMB. 



54. 



i 



65. 






56. 



• 1 ' 



• , 



67. 



68. 



* 4 



69. 



60. 



.1 
.1 



169.6 

170. 

170.4 

170.8 

171.2 

171.6 

172. 

172.3 

172.7 

173.1 

173.6 

173.9 

174.3 

174.7 

176.1 

176.5 

175.9 

176.3 

176.7 

177.1 

177.5 

177.8 

178.2 

178.6 

179. 

179.4 

179.8 

180.2 

180.6 

181. 

181.4 

181.8 

182.2 

182.6 

182.9 

183.3 

183.7 

184.1 

184.5 

184.9 

185.3 

185.7 

186.1 

186.5 

186.9 

187.3 

187.7 

188.1 

188.4 

188.8 

189.2 

189.6 

190. 

190.4 

190.8 

191.2 



61. 



62. 



63. 



• . 



64. 



. ; 



. ; 



•f 



65. 



• < 



66. 



67. 






ClKttnKKMO. 



191.6 

192. 

192*4 

192.8 

193.2 

193.6 

193.9 

194.3 

194.7 

195.1 

195.5 

195.9 

196.3 

196.7 

197.1 

197.5 

197.9 

198.3 

198.7 

199* 

199.4 

199.8 

200.2 

200.6 

201. 

201.4 

201.8 

202.2 

202.6 

203. 

203.4 

203.8 

204% 2 

204.5 

204.9 

205.3 

205.7 

206.1 

206.5 

206.9 

207.3 

207.7 

208.1 

208.5 

208.9 . 

209.3 

209.7 

210. 

210.4 

210.8 

211.2 

211.6 

212. 

212.4 

212.8 

213.2 



Diaawler. Cireuaifivmn. 



68 



69 



70 



71 



72 



73 



74 



i 



213.6 

214. 

214.4 

214.8 

215.1 

215.5 

215.9 

216.3 

216.7 

217.1 

217.5 

217.9 

218.3 

218.7 

219.1 

219.5 

219.9 

220.3 

220.6 

221. 

221.4 

221.8 

222.2 

222.6 

223. 

223.4 

223.8 

224.2 

224.6 

225. 

225.4 

225.8 

226.1 

226.5 

226.9 

227.3 

227.7 

228.1 

228.5 

228.9 

229.3 

229.7 

230.1 

230.5 

230.9 

231.3 

231.6 

232. 

232.4 

232.8 

233.2 

233.6 

234. 

234.4 

234.8 

236.2 



76. 



76 



77 



78 



70 



80 



81 



I 



I 



Ciitambr'fla 

235.6 
236. 
236.4 
236.7 
237.1 
237.6 
237.9 
238.3 
238.7 
239.1 
239.5 
239.9 
240.3 
240.7 
241.1 
241.5 
241.9 
242.2 
242.6 
243. 
243.4 
243.8 
244.2 
244.6 
245. 
245.4 
245.8 
246.2 
246.6 
247. 
247.4 
247.7 
248.1 
248.5 
248.9 
249.3 
249.7 
260.1 
250.5 
250.9 
251.8 
251.7 
252.1 
-562.6 
262.8 
263.2 
263.6 
254. 
254.4 
254.8 
;655.2 
255.6 
256. 
266.4 
256.8 
257 " 



CUtOmCFBBSNGm OF CaftQEiM. 



Bfauneter CimnfcnaM 



Qi 



8S 



84 



85 



86 



« 



257.6 
258. 
258*. 3 
258.7 
259.1 
259.5 
259.9 
260.3 
260.7 
261.1 
261.5 
261.9 
262.3 
262.7 
263.1 
263.5 
263.8 
264.2 
264.6 
.265. 
265.4 
265.8 
266.2 
266.6 
267. 
267.4 
267.8 
268.2 
269.6 
268.9 
269.3 
269.7 
270.1 
270.5 
270.9 
271.3 
271.7 
272.1 
272.6 
272.9 



TABLi<--(Omitmi|Afl). 

'. ICimamiwMKB. 



87 



88 



89 



90 



91 



I 



i 



J 



273.3 

273.7 

274.1 

274.4 

274,8 

275.2 

275.6 

276. 

276.4 

276.8 

277.2 

277.6 

278. 

278.4 

278.8 

279.2 

279.6 

279.9 

280.3 

^86.7 

281.1 

281.5 

281.9 

282.3 

282.7 

283.1 

283.5 

283 9 

284.3 

284.7 

285.1 

285.4 

285.8 

286.2 

286.6 

287. 

287.4 

287.8 

288.2 

288.6 



93 



93 



94 



05 



96 



i 



I 



i 



289. 

289.4 

289.8 

290.2 

290.5 

290.9 

291.3 

291.7 

292.1 

292.5 

292.9 

293.3 

293.7 

294.1 

294.5. 

294.9 

295.3 

296.7 

296. 

296.4 

296.8 

297.2 

297.6 

298. 

298.4 

298.8 

299.2 

299.6 

300. 

300.4 

300.8 

301.2 

301.5 

301.9 

302.3 

302.7 

303.1 

308.5 

303.9 

304.3 



97 



98 



09 



100 



J 



304,7 
* 305.1 
305.5 
305.9 
306.3 
306.6 
307. 
307.4 
307.8 
308.2 
308.6 
309.0 
309.4 
309.8 
310.2 
310.6 
311.0 
311.4 
311.8 
312.1 
312.5 
312.9 
313.3 
313.7 
314.1 



•QtTAftES, GUBSS^ Aim BOOVl; 

Table of Squares, Cubes, and Spuure aui Cube Roots, of aU lumbers 

from I to 1000. 



Kumbar. 


Squara. 


Cnbe. 


Sqnan Root. 


Com Root> 


1 


1 


1 


1. 


1. 


2 


4 


8 


1.414213 


1.259921 


8 


9 


27 


1.732050 


1.442260 


4 


16 


64 


2. 


1.587401 


5 


25 


125 


2.236068 


1.709976 


6 


36 


216 


2.449489 


1.817121 


7 


49 


343 


2.645751 


. 1.912933 


8 


64 


512 


2.828427 


2. 


9 


81 


729 


3. 


2.080084 


10 


100 


1000 


3.162277 


2.154435 


11 


121 


1331 


3.316624 


2.223980 


12 


144 


1728 


3.464101 


2.289428 


13 


169 


2197 


3.605551 


2.351335 


14- 


196 


2744 


3.741657 


2.410142 


1& ' 


225 


3375 


3.872983 


2.466212 


16 


t56 


4096 


4. 


2.519842 


ir 


289 


4913 


4.123105 


2.571282 


18 


824 


5832 


4.242640 


2.620741 


19 


861 


6859 


4.358898 


2.668402 


1^0 


400 


8000 


4.472136 


2.71441^ 


21 


441 


9261 


4.582575 


2.758923 


22 


484 


10648 


4.690415 


2.802039 


23 


529 


12167 


4.795831 


2.843867 


24 


576 


13824 


4.898979 


2.884499 


25 


625 


15625 


5. 


2.924018 


26 


676 


17576 


5.099019 


2.962496 


27 


729 


19683 


5.196152 


3. 


28 


784 


21952 


5.291602 


3.036589 


29 


841 


24389 


5.385164 


3.072317 


80 


900 


27000 


5.477225 


. 3.107282 


91 


961 


29791 


5.667764 


3.141881 


82 


1024 


32768 


5.656854 


3.174B02 


33 


1089 


35937 


5.744662 


3.207584 


84 


1166 


39304 


5.830951 ' 


3.239612 


35 


1225 


42875 


5.916079 


3.27im6 


30 


1296 


46656 


6. 


3.301^27 


87 


1369 


50653 


6.082762 


3.33%^2 


•38 


1444 


54872 


6.164414 


3. 36 £975 


39 


1521 


59319 


6.244998 


' 3.391211 


40 


1600 


64000 


6.324555 


3.419952 


41 


1681 


68921 


6.403124 


3.448217 


42 


1764 


74088 


6.480740 


3.476027 


43 


1849 


79507 


6.557438 


3.503398 


44 


1936 


85184 


6.633249 


3.. 536348 


45 


2025 


91125 


6.708203 


: 3.556893 


46 


2116 


97336 


6.782330 


3.583048 


47 


2209 


103823 


6.855654 


3.608826 


48 


2304 


110592 


6.928203 


3.634241 


49 


2401 


117649 


7. 


3.659306 


60 


2500 


125000 


7.071067 


3.684081 


61 


2601 


132651 


7.141428 


3.708480; 


62 


2704 


140608 


7.211102 


3.732611^ 


68 


2809 


148877 


7.280109 


3.756286 > 


64 


2916 


157464 


7.348469 


3.779763 
3.802963 


M 


3025 


166375 


7.416198 



100 



MlUABESy CUBXA, AS(D EOOTf. 



TA»i.»^CoDtiiiiied). 



HMribcr. 


oQBUniw 


Cuba. 


8l|Mn nOOta 


CtfbaSMt 


66 


3186 


175646 


. 7.483314 


3 .825862 


67 


3249 


185193 


7.549834 


3.848501 


68 


3364 


195112 


7.615773 


3.870877 


69 


3481 


205379 


7.681145 


3.892996 


60 


3600 


216000 


7.745966 


8.914867 


61 


3721 


226981 


7.810249 


3.936497 


62 


3844 


238328 


7.874007 


3.957892 


68 


3969 


250047 


7.937253 


3.979057 


64 


4096 


262144 


8. 


4. 


66 


4225 


274626 


8.062257 


4.020726 


66 


4356 


287496 


8.124038 


4.041240 


67 


4489 


300763 


8.185352 


4.061548 


68 


4624 


314432 


8.246211 


4.081656 


69 


4761 


328509 


8.306623 


4.101566 


70 


4900 


343000 


8.366600 


4.121285 


71 


5041 


357911 


8.426149 


4.140818 


72 


6184 


373248 


8.485281 


4.160168 


73 


5329 


389017 


8.544003 


4.179839 


74 


5476 


405224 


8.602325 


4.198386 


75 


6625 


421875 


8.660254 


4.2171(53 


76 


5776 


438976 


8.717797 


4.235824 


77 


6929 


456533 


8.774964 


4.254321 


78 


6084 


474552 


8.831760 


4.272659 


79 


6241 


493039 . . 


. 8.888194 


4.290841 


80 


6400 


612000 . 


8.944271 


4.308870 


81 


6561 


631441 


9. 


4.326749 


82 


6724 


551368 


9.055385 


4.344481 


83 


6889 


671787 


9.110433 


4.362071 


84 


7056 


692704 


9.165151. 


4.379619 


85 


7225 


614125 


9.219544 


4.396830 


86 


7396 


636056 


. 9.273618 


4.414005 


87 


7569 


658503 


9.327379 


4.431047 


88 


7744 


681472 


9.380831 


4.447960 


89 


7921 


704969 


9.433981 


4.464746 


90 


8100 


729000 


9.486833 


4.481405 


91 


8281 


753571 


9.539392 


4.497942 


92 


8464 


778688 


9.591663 


4.614357 


93 


8649 


804357 


9.643650 


4.63Q656 


94 


8836 


«30584 


9.695359 


4.546836 


96 


9025 


857375 


9.746794 


4.562903 


96 


9216 


884736 


9.797969 


4.577867 


97 


9409 


912673 


9.848857 


4.594701 


as 


9604 


941192 


9.899494 


4.610436 


99 


9801 


970299 : 


9.949874 


4.626066 


100 


lOOOO 


1000000 


10. 


4.641689 


101 


10201 


1030301 


10.049875 


4.657010 


102 


10404 


1061208 


10.099504 


4.672330 


108 


10609 


1092727 


10.148891 


4.687548 


104 


10816 


. 1124864 


10.198039 


4.702669 


106 


11025 


1157625 


10.246950 


4.717694 


106 


11236 


1191016 


10.295630 


4.732624 


107 


11449 


1225043 


10.344080 


4.747469 


108 


11664 


1259712 


10.892304 


4.762803 


109 


11881 


1295029 


10.440806 


4.776866 


110 


12100 


1331000 


10.488088 


4.791420 


111 


13821 


1367931 


10 •536663 


4,806896 



l^imftES, CUBSty ANB WJCm 



101 



TiMJi-^Coiitimied). 



112 

lis 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

US 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

W7 



SqlUM. 



12544 

12769 

12996 

13225 

13456 

13689 

13924 

14161 

14400 

14641 

14884 

15129 

15376 

15625 

15876 

16129 

16384 

16641 

16900 

17161 

17424 

17689 

17956 

18225 

18496 

18769 

19044 

19321 

19600 

19881 

20164 

20449 

20736 

21025 

21316 

21609 

21904 

22201 

22500 

22801 

23104 

23409 

23716 

24025 

24336 

24649 

24964 

25281 

25600 

25921 

26244 

26569 

26896 

27225 

2755^ 

2788d 



Cubs. 



1404928 

1442897 

1481544 

1520875 

1560896 

1601613 

1643032 

1685159 

1728000 

1771561 

1815848 

1860867 

1906624 

1953125 

2000376 

2048383 

2097152 

2146689 

2197000 

2248091 

2299968 

2352637 

2406104 

2460373 

2515456 

2671353 

2628072 

2685619 

2744000 

2803221 

2863288 

2924207 

2985984 

304862$ 

3112136 

3176523 

3241792 

3307949 

8375000 

3442951 

8511808 

8581577 

8652264 

3723875 

3796416 

3669893 

3944312 

4019679 

4096000 

4173281 

4251528 

4330747 

4410944 

4492125 

4574296 

4657463 



Square Hoot* 



T Q 



10.583005 

10.630145 

10.677078 

10.723805 

10.770329 

10.816653 

10.862780 

10.908712 

10.954451 

11. 

11.045361 

11.090536 

11.135528 

11.180339 

11.224972 

11.269427 

11.313708 

11.357816 

11.401754 

11.445523 

11.489125 

11.532562 

11.575836 

11.618950 

11.661903 

1 1 . 704699 

11.747344 

11.789826 

11.8321.59 

11.874342 

11.916375 

11.958260 

IS. 

12.041594 

12.083046 

12.124355 

12.165525 

12.206655 

12.247448 

12.288205 

12.328628 

12.369316 

12.409673 

12.449899 

1^.489996 

lis • 529964 

12.569605 

12-609520 

12.649110 

12-688577 

12.727922 

12.767145 

12.8061248 

12.843232 

12.884098 

12.922848 



Cobe 



4.820284 

4.834588 

4.848808 

4.862944 

4.876909 

4.89097S 

4.904868 

4.918685 

4.932424 

4.946088 

4.959675 

4.973196 

4.986681 

5. 

5.013298 

5.026526 

5.039684 

5.052774 

5.065797 

5.078753 

5.091643 

5.104469 

5.117280 

5.129928 

5.142568 

5.155187 

5.167649 

5.18014)1 

5.192494 

5.204888 

5.217103 

5.229321 

5.241463 

5.253588 

5.265637 

5.277633 

5.289578 

5.301459 

5.313293 

5.32.5074 

5.336803 

5.348481 

5.360108 

5.371685 

5.383281 

5.394690 

5.406120 

5.417501 

5.428835 

5.440128 

5.451368 

5.46»S66 

5. 473708 

5.48406(1 

5.49Sitt 

5.6ocmr 



102 



SQVASBa, cran, Asa- wwn. 

■ 

TABiJi-^ContUi«04). 



NmImt. 


Sqwra. . 


Cube. 


Sqiar* Boot. 


Cite Bast. 


168 


28224 


4741632 


12.961481 


5.517848 


169 


28561 


4826809 


13. 


5.528775 


170 


28900 


.4913000 


13.038404 


5.639658 


171 


29241 


5000211 


13.076696. 


5.550499 


172 


29584 


5088448 


13.114877 


5.561298 


178 


29929 


.5177717 


13.152946 


5.672054 


174 


30276 


5268024 


18.190906 


5.682770 


176 


30625 


6359375 


13.228756 


5.593445 


176 


30976 


5451776 


13.266499 


5.604079 


177 


31329 


5545333 


13.304134 


5.614673 


178 


31684 


5639752 


13.341664 


5.625226 


179 


32041 


5735339 


18.379088 


6.635741 


160 


32400 


5832000 


13.416407 


5.646216 


181 


32761 


6929741 


13.453624 


5.656652 


182 


33124 


6028568 


13.490737 


5.667051 


188 


33489 


6128487 


13.527749 


5.677411 


184 


33856 


6229504 


13.564660 


5.687734 


185 


34225 


6331625 


13.601470 


5.698019 


186 


34596 


6434856 


18.638181 


6.708267 


187 


34969 


6639203 


13.674794 


5.718479 


188 


35344 


6644672 


13.711309- 


5.728654 


189 


35721 


6751269 


1^.747727 


6.738794 


190 


36100 


6859U00 


1^.784048 


5.748897 


101 


36481 


6967871 


13.820275 


5.75896$ 


192 


36664 


7077888 


13.866406 


6.768998 


193 


37249 


7189067 


13.892444 


5.778996 


194 


37636 


7801384 


13.928388 


5.788960 


196 


38025 


7414875 


18.964240 


5.798890 


196 


38416 


7629536 


14. 


6.808786 


197 


38809. 


7645373 


14.035668 


5.818648 


198 


39204 


7762392 


14.071247 


5.828476 


199 


39601 


7880599 


14.106736 


5.838272 


SOO 


40000 


8000000 


14.142135 


5.848035 


toi 


40401 


8120601 * 


14.177446 


5.857766 


802 


40804 


8242408 


14.212670 


6.867464 


803 


41209 


8365427 


14.247806 


6.877130 


804 


41616 


8489664 


14.282856 


5.886765 


805 


42025 


8615125 


14.317821 


6.896368 


806 


42436 


8741816 


14.352700 


6.905941 


807 


42849 


8869743 


14.387494 


6.915481 


808 


43264 


8998912 


14.422205 


6.924991 


809 


43681 


9123329 


14.456832 


6.934478 


810 


44100 


9261000 


14.491376 


5.943911 


811 


44521 


9393931 


14.525839 


6.953341 


812 


44944 


9628128 


14.560219 


5.962731 


813 


45369 


9663597 


14.594519 


5.972091 


814 


45796 


9800344 


14.628738 


5.981426 


815 


46225 


9938375 


14.662878 


6.990727 


816 


46656 


10077696 


14.696938 


6. 


817 


47089 


10218313 


14.730919 


6.009244 


818 


47524 


10360232 


14.764823 


6.018463 


819 


47961 


10603459 


14.798648 


6.027650 


mo 


48400 


10648000 


14.832397 


6.036811 


881 


48841 


10793861 


14.866068 


6.04594^ 


888 


49284 


10941048 


14.899664 


6.055048 


«UI 


49729 


11089667 


14.933184. 


6.064186 



MUTAEBS, CUBSS, AICD ROOTS. 
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TABiiB'-<Oootia«6d). 



nWuMr. 


SqUHB. 


Cube. 


SqaaraRoot. 


CttbellMt. 


224 


50176 


11239424 


14.966629 


6.073177 


225 


50625 


11390625 


15. 


6.082201 


226 


51076 


11643176 


15.033296 


6.091199 


227 


51529 


11697083 


16.066619 


6.100170 


228 


51984 


1 1862352 


15.099668 


6.109115 


229 


62441 


12008989 


15.132746 


6.118032 


280 


52900 


12167000 


16, 166750 


6.126925 


231 


53361 


12326391 


16.198684 


6.135792 


232 


63824 


12487168 


15.231546 


6.114634 


233 


64289 


12649337 


15.264337 


6.163449 


234 


64766 


12812904 


16.297068 


6.162239 


235 


65225. 


12977875 


16.329709 


6.171005 


286 


65696 


13144256 


15.362291 


6.179747 


237 


66169 


13312053 


16.394804 


6.188463 


238 


56644 


13481272 


16.427248 


6.197154 


239 


57121 


13651919 


15.459624 


6.205821 


240 


67600 


13824000 


15.491988 


6.214464 


241 


68081 


13997621 


15.524174 


6.223088 


242 


68664 


14172488 


15.5.56349 


6.231678 


243 


69049 


14348907 


15.588457 


6.240251 


244 


69536 


14526784 


15.620499 


6.248800 


245 


60026 


14706126 


15.652475 


6.257324 


246 


60516 


14886936 


15.684387 


6.26.5826 


247 


61009 


15069223 


15.716233 


6.274804 


248 


61504 


15252992 


15.748015 


6.282760 


249 


62001 


15438249 


15.779733 


6.291194 


250 


62600 


15626000 


16.811388 


6.299604 


251 


63001 


15813251 


15.842979 


6.307992 


252 


63504 


16003008 


15.874507 


6.316359 


253 


64009 


16194277 


15.905973 


6.324704 


254 


64516 


16387064 


15.937877 


6.333025 


265 


65025 


16581375 


15*968719 


6.341325 


256 


. 65636 


16777216 


16. 


6.349602 


257 


66049 


16974593 


16.031219 


6.857869 


258 


66564 


17173512 


16.062878 


6.3G6095 


259 


67081 


17873979 


16.093476 


6.374310 


260 


67600 


17576000 


16.124515 


6.382504 


261 


68121 


17779681 


16.155494 


6.. 390676 


262 


68644 


17984728 


16.186414 


6.398827 


263 


•69169 


18191447 


16.217274 


6.406958 


264 


69696 


18399744 


16.248076 


6.415060 


265 


70225. 


18609625 


16.278820 


6.423157 


266 


70756 


18821096 


16.309506 


6.^1226 


267 


71289 


19634163 


16.340134 


6.439275 


268 


71824 


19248832 


16.370705 


6.447305 


269 


72361 


19465109 


16.401219 


6.455814 


270 


72900 


19683000 


16.481676 


6.463804 


271 


73441 


19902511 


16.462077 


6.471274 


272 


73984 


20123648 


16« 492422 


6.479224 


273 


74629 


20846417 


16-522711 


6.487153 


274 


75076 


20670824 


16.652945 


6.496064 


275 


75625 


20796875 


16..583124 


6.502966 


276 


76176 


21024576 


16.613247 


6.510828 


277 


76729 


21253933 


16.643817 


6.518684 


278 


77284 


21484952 


16.673382 


6.526512 


279 


77841 


21717639 


16.703293 


6.6842r 



104 



iR^VMBi, OUBtt, AN0 BOaHb 



TA^NM^CimtMaed). 



(fOBlbCT- 


9^DttK« 


Cube. 


SqunllMl. 


Cvteawk 


280 


78400 


21052000 


16.733200 


6.542192 


281 


78961 


22188041 


16.763054 


6.549911 


282 


79524 


22425768 


16.792865 


6.55767« 


283 


80089 


22665187 


16.822603 


6.565415 


284 


80656 


22906304 


16.852299 


6.573189 


289 


81225 


23149125 


• 16.881943 


6.580844 


286 


81796 


23393656 


16.911534 


6.588531 


287 


82369 


23639903 


16.941074 


6.59620S 


288 


82944 


23887872 


16.970562 


6.603854 


289 


83521 


24137569 


17. 


6.611488 


290 


84100 


24389000 


17.029386 


6.6191iM 


291 


84681 


24642171 


17.05872^ 


6.626700 


292 


85264 


24^97088 


17.088007 


6.634387 


293 


85849 


25153757 


17.117242 


6.641851 


^4 


86436 


25412184 


17.146428 


6.649399 


2^5 


87025 


25672375 


17.175564 


6.656930 


296 


87616 


25934336 


17.204650 


6.66444S 


297 


88209 


26198073 


17.233687 


6.671949 


298 


88804 


26463592 


17.262676 


6.679419 


299 


89401 


26730899 


17.291616 


6.686889 


3()0 


90001) 


27000d00 


17.320508 


6.694339 


301 


90601 


27270901 


17.349351 


6.701759 


302 


91204 


275436108 


17.378147 


6.709179 


303 


91809 


27818127 


17.406S95 


6.716569 


304 


92416 


28094464 


17.435595 


6.723960 


305 


93025 


28372GJ25 


17.464249 


6.731819 


306 


93636 


28652616 


17.492855 


6.738669 


307 


94249 


28934443 


17.521415 


6.745997 


308 


' 94864 


29218112 


17.549928 


6.753318 


309 


95481 


29503629 


17; 578395 


6. 7606 U 


310 


96100 


29791000 


17.606816 


6.767899 


311 


96721 


30080231 


17.635192 • 


6.775169 


312 


97344 


30371328 


17.663521 


6.78249S 


313 


97969 


30664297 


17.691806 


6.78966r 


314 


98596 


30959144 


17.720045 


6.796884 


315 


99225 


31255875 


17.748239 


6.804091 


3l6 


99856 


31554496 


17.776888 


6.811284 


317 


100489 


31855013 


17.804493 


6.818461 


318 


101124 


32157432 


17i832554 


6.825624 


319 


101761 


32461759 


17.860671 


6.832771 


320 


102400 


32768000 ' 


17;888543 


6.839903 


321 


103041 


33076161 


17i916472 


6.847091 


322 


103684 


33386248 


17.944858 


6.854194 


323 


104329 


38698267 


17.972200 


6.861211 


324 


104976 


34012224 


18. 


6.868284 


325 


105625 


84328125 


18.027756 


6.87.5849 


3IJ6 


106276 


34645976 


18.055470 


6.882389 


327 


106929 


84965783 


18.083141 


6.889419 


328 


107584 


• 36287552 


18.110770 


6.896439 


329 


108241 


85611289 


18.138357 


6.90:1499 


330 


108900 


85937000 


18.165902 


6.910499 


331 


109561 


86264691 


18.193405 


6.917899 


332 


110224 


86594368 


18.220867 


6.924999 


333 


110889 


96026037 


18.248287 


6.931989 


334 


111656 


87259704 


18.275666 


6.938999 


335' 


\ 12225 


87595375 


18.303005 


6.945149 



■4,Vi)XE>, CVBBa, AND EOOX*. 
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TABLs<*"(Ckiiitiiiaed). 




^VHMHT* 


1 Squra. 


Cube. 


Siimra loot. 


CoImBoM. 


3S6 


112896 


37933056 


18.330302 


6.952053 


837 


1 18569 


38872753 


18.357559 


6.958943 


838 


114244 


38614472 


18.384776 


6.965819 


889 


114921 


38958219 


18.411952 


6.972682 


840 


115600 


39304000 


18.439088 


6.979532 


841 


116281 


39651821 


18.466185 


6.986369 


842 


116964 


40001688 


18.493242 


6.993491 


843 


117649 


40353607 


18.520259 


7. 


^ 844 


118336 


40707584 


18.547237 


7.006796 


845 


119025 


41063625 


18.674175 


7.013579 


846 


119716 


41421736 


18.601075 


7.020349 


847 


120409 


41781923 


18.627936 


7.027106 


848 


121104 


42144192 


18.654758 


7.033850 


849 


121801 


42508549 


18.681541 


7.040581 


850 


122500 


42875000 


18.708386 


7.047208 


851 


123201 


43243551 


18.73^94 


7.054003 


853 


.123904 


43614208 


18.761663 


7.060696 


853 


124609 


43986977 


18.788294 


7.067376 


854 


125316 


44361864 . 


18.814887 


7.074043 


855 


126025 


44738875 • 


18.841443 


7.080698 


856 


126736 


45118016 


18.867962 


7.087341 


857 


127449 


45499293 


18.894443 


7.093970 


858 


128164 


45882712 


. 18.920887 


7.100588 


859 


128881 


46268279 


18.947S95 


7.107193 


860 


129600 


46656000 


18.973666 


7.113786 


861 


13Q32I 


47645881 


19. 


7.120367 


862 


131044 


47437928 


19.026297 


7.126935 


868 


131769 


47832147 


19.052558 


7.133492 


864 


132496 


48228544 


19.078784 


7.140037 


865 


133225 


48627125 


19. 104973 


7.146569 


866 


133956 


49027896 


19.131126 


7.163090 


867 


134689 


49430863 


19.157244 


7.169.599 


868 


135424 


49836032 


19.183326 


7.166095 


869 


136161 


50243409 


19.209372 


7.172580 


870 


136900 


50653000 . 


19.235384 


7.179054 


871 


137641 


51064811 


19% 26 1360 


7.185516 


672 


138384 


51478848 


19.287301 


7.191966 


878 


139129 


51895117 


19.313207 


7.198405 


874 


139876 


52313624 


19.339079 


7.204832 


«75 


140625 


52734875 . 


19.364916 


7.211247 


976 


141376 


58157376 


19.390719 


7.217652 


877 


142129 


58582633 


19.416487 


7.224045 


878 


142884 


54010152 


19.443222 


7.230427 


879 


: 143641 


54439939 


19.467922 


7.236797 


880 


144400 


54872000 


19.493588 


7.243156 


>881 


145161 


55306341 


19.519221 


7.249504 


383 


145924 


55742968 


19.544820 


7.255841 


888 


146689. 


56181887 


19.570385 


7.262167 


884 


147456 


^6623104. 


1(^.595917 


7.269482 


.885 


148225 


67066625 


; 19.621416 


7.274786 


886 


148996 


57512456 ^ 


19.646882 


7.281079 


^7 


149769 


57960603 


19.672315 


7.287362 


888 


150544 


58411072' 


19.697715 


7.29.3633 


889 


151321 


58863869 


19.723082 


7.299893 


880 


152100 


59319000 


19.748417 


7.306149 


881 


153881 


59776471 


19-778719 


7.31t9i8 
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Se^tTA^ES, GITBSi, AN0 m<IOTt. 



TiiBL^HCoatimed). 



Nsmber. 



392 


153664 


893 


154449 


894 


155236 


895 


156025 


896 


156816 


397 


157609 


898 


158404 


399 


159201 


400 


160000 


401 


160801 


402 


161604 


403 


162409 


404 


163216 


405 


164025 


406 


164836 


407 


165649 


408 


166464 


409 


167281 , 


410 


168100 


411 


168921 


412 


169744 


413 


170569 


414 


171396 


415 


172225 


416 


173056 


417 


173889 


418 


174724 


419 


175561 


420 


176400 


421 


177241 


422 


178084 


423 


178929 


424 


179776 


425 


180625 


426 


181476 


427 


182329 


428 


183184 


429 


184041 


430 


184900 


431 


185761 


432 


186624 


433 


187489 


434 


188356 


435 


189225 


436 


190096 


437 


190969 


438 


191844 


439 


192721 


440 


193600 


441 


.194481 


442 


195364 


443 


196249 


444 


197136 


445 


198025 


^ 


198916 


199809 



Cabe. 



wpwrs nMt> 



60236288 
60698457 
61162984 
61629875 
62099136 
62570778 
63044792 
63521199 
64000000 
64481201 
64964808 
65450827 
65939264 
66430125 
66923416 
67419143 
67911812 
68417929 
68921000 
69426531 
69934528 
70444997 
70957944 
71473376 
71991296 
72511713 
73034632 
73560059 
74088000 
74618461 
75151448 
75686967 
76225024 
76766625 
77308776 
77B54483 
78402752 
78953589 
79507000 
60062991 
80621568 
81182737 
81746504 
82312876 
82881856 
83453453 
84027672 
84604519 
85184000 
85766121 
86350388 
86938307 
87528384 
88121125 
88716536 
89314623 



1^.798989 

19.824227 

19.849433 

19.874606 

19.899748 

19.9246.58 

19.949937 

19.974984 

20. 

20.024984 

20.049937 

20.074859 

20.099751 

20.124611 

20.149441 

20.174241 

20.199009 

20.223748 

20.248456 

20.273134 

90.297788 

20.322401 

20.346989 

20.371548 

20.396078 

«0.42a577 

20.445048 

20.469489 

20.493901 

20.518284 

20.542638 

20.566963 

20.591260 

30.615528 

20.639767 

20.663978 

20.688160 

20.712315 

20.7.36441 

20.760539 

30.784609 

20.808652 

20.832666 

30.866658 

20.88061B 

20.904545 

30.928449 

20.952326 

30.976177 

21. 

21.023796 

31.047565 

81.071307 

21 .095028 

31.118713 

31.142374 



fMb« 



7.318011 
7.324820 
7.331087 
7.337234 
7.343430 
7.349596 
7.355768 
7.861917 
7.368068 * 
7.374198 
7.380338 
7.386487 
7.392548 
7.398686 
7.404730 
7.4l079« 
7.416869 
7.422914 
7.428968 
7.434098 
7.441^18 
7.447038 
7.453030 
7.459036 
7.465028 
7.470990 
7.476966 
7.482084 
7.488873 
'7.494810 
7.600740 • 
7.606660 
7.512671 
7.618473 
7.524866 
7.530246 
7.536131 
7.541986 
7.647841 
7.663686 
7.569686 
7.666358 
7.671178 
7.576984 
7.683786 
7.688570 
7.694868 
7.600188 
7.605006 
7.611668 
7.617411 
7.623161 
7.628888 
7.684666 
7.640881 
7.646087 






1«7 



H—>w 


Sfmra. 


Cube. 


JSquan Root. ' 


C«b«Bo9t. 


448 


200704 


89915392 


21.166010 


7.651725 


44» 


201601 


90518849 


21.189620 


7.657414 


450 


.202500 


91125000 


21.213203 


7.663094 


461 


203401 


91733861 


21.236760 


7.668766 


4S2 


.204304 


92345408 


21.260291 


7.674430 


468 


205209 


92959677 


21.283796 


7.680085 


464 


206106 


93576664 


21.307275 


7.685732 


466 


207025 


94196375 


21.330729 


7.691371 


456 


.207936 


94818816 


21.354166 


7.097002 


467 


^8849 


95443993 


21.377558 


7.702624 


468 


209764 


9.6071912 


21.400934 


7.708238 


469 


21U681 


96702579 


21.424285 


7.713844 


460 


211600 


97336000 


21.447610 


7.719442 


481 


912521 


97972181 


21.470910 


7.725032 


462 


213i44 


9.8611128 


21.494185 


7.730614 


468 


214369 


99252847 


21.517434 


7.736187 


464 


215296 


99897344 


21.540659 


7.741753 


466 


i{]6225 


100544625 


21.563868 


7.747310 


466 


217156 


101194696 


21.587033 


7.752860 


467 


918089 


101847563 


21.610182 


7.758402 


468 


219024 


102503232 


21.633307 


7.763936 


468 


219961 


10.3161709 


.21.656407 


7.769462 


470 


220900 


10.3823000 , 


21.679483 


7.774980 


471 


221841 


104487111 


21.702534 


7.780490 


47S 


222784 


.105154048 


21.725561 


7.785992 


473 


223729 


105823817 


21.7486P3 


7.791487 


474 


224676 


106496424 


21.771541 


7.796974 


476 


225625 


107171875 


21.794494 


7.802453 


476 


226576 


10.7860176 


21.817424 


7.807925 


477 


227529 


108531383 


21.840329 


7.813389 


478 


228484 


10.9215352 


21.863211 


7.818846 


478 


229441 


109902289 


21.886068 


7.824294 


480 


230400 


11.0592000 


21.908902 


7.829735 


48) 


231361 


11.1284641 


21.931712 


7.835168 


482 


232324 


11.1980168 


21.954498 


7.840594 


483 


233289 


112678687 


2K977261 


7.846013 


^BOHk 


234256 


113379904 


22.. 


7.851424 


486 


285225 


11.4084125 . 


22.022715 


7.856828 


486 


236196 


114791256 


22.045407 


7.862224 


487 


237169 


115501303 


22.068076 


7.86761^ 


488 


238144 


11.6214272 


22-090722 


7.872994 


488 


239121 


116980169 


22.113344 


7.878368 


490 


240100 


1L7649000 


22.135943 


7.883734 


491 


241081 


118370771 


22.158519 


7.889094 


492 


242064 


119095488 


22.181073 


7.894446 


498 


243049 


119823157 


22.203603 


7.899791 


494 


244036 


120553784 


22.226110 


7.905129 


496 


245025 


121287375 


22.248595 


7.910460 


496 


246016 


122023936 


22.271067 


7.9157^4 


497 


247009 


122763473 


22.293496 


7.921100 


498 


248004 


123505992 


22.315913 


7.926408 


499 


249001 


124251499 


22.338307 


7.931710 


680 


250000 


125000000 


22.360679 


7.937005 


601 


251001 


125751501 


22.383029 


7.942293 


688 


262004 


126506008 


22.405356 


7.947673 


608 


i 26300(| 


127263527 


22'427661 


7.95284* 



lOS 



■qvABU, cirBSSy and Boon. 

TiiBLi— <C4>ntuiiied). 



VmnUr. 


Sqwn. 


CriN. 


aqmnWodL 


1 CabelNt. 


504 


254016 


128024064 


22.449944 


7.9.58114 


505 


255025 


128787625 


22.472205 


7.963374 


506 


256036 


129554216 


22.494443 


T. 968627 


507 


257049 


130323843 


22.516660 


7.973878 


508 


258064 


131096512 


22.538855 


7.979112 


509 


259081 


131872229 


22.561028 


7.984344 


510 


260100 


132651000 


22.583179 


7.989569 


511 


261121 


133432881 


22.605309 


7.994788 


512 


362144 


134217728 


22.627417 


8. 


513 


263169 


185005697 


22.649503 


8.005205 


514 


264196 


135796744 


22.671568 


8.010403 


515 


265225 


136590875 


22.693611 


8.015595 


516 


266256 


137388096 


22.715633 


8.020779^ 


517 


267289 


138188413 


22.737634 


8.025967^ 


518 


268324 


138991832 


22.759613 


8.031129 


519 


269361 


139798359 


22.781571 


8.036293 


520 


270400 


140608000 


22.803508 


8.041451 


521 


271441 


141420761 


22.825424 


S. 046603 


522 


272484 


142236648 


22.847319 


8.051748 


523 


273529 


143055667 


22.869193 


8.0.')6886 


524 


274576 


143877824 


22.891046 


8.062018 


525 


275625 


144703125 


22.912878 


8.067143 


526 


276676 


145531576 


22.934689 


8.072262 


527 


277729 


146363183 


22.956480 


8.077374 


528 


278784 


147197952 


22.978250 


8.082480 


529 


279841 


148035889 


23. 


8.087579 


530 


280900 


148877000 


23.021728 


8.092672 


531 


281961 


149721291 


23.043437 


8.097758 


532 


283024 


150568768 


23.065125 


8.102838 


533 


284089 


151419437 


23.086792 


8.107912 


534 


285156 


152273304 


23.108440 


8.112980 


535 


286225 


153130375 


23.130067 


8.118041 


536 


287296 


153990656 


23.151673 


8.123096 


537 


288369 


154854153 


23.173260 


8.128144 


538 


289444 


155720872 


23.194827 


8.133186 • 


539 


290521 


156590819 


23.216373 


8.138223 


540 


291600 


157464000 


23.237900 


8.143253 


541 


292681 


158340421 


23.259406 


8.148276 


542 


293764 


159220088 


23.280893 


8.1.53293 


543 


294849 


160103007 


23.302360 


8.158304 


544 


295936 


160989184 


23.323807 


8.163309 


546 


297025 


•161878625 


23.345235 


8.168308 


298116 


162771336 


23.366642 


8.173302 


547 


299209 


163667323 


23.388031 


8.178289 


548 


300304 


164566592 


23.409399 


8. 183269 


549 


301401 


165469149 


23.430749 


8; 188244 


550 


302500 


166375000 


23.452078 


8.193212 


551 


303601 


167284151 


22.473389 


8.198175 


552 


304704 


168106608 


23.494680 


8.203131 


563 


305809 


169112377 


23.515952 


8.208082 


554 


306916 


170031464 


23.537204 


8.213027 


565 


308025 


170963875 


23.558438 


8.217965 


556 


309186 


171879616 


23.579652 


8.222898 


557 


310249 


172808693 


23.600847 


8.227825 


558 


311364 


173741112 


23.622023 .. 


8.23274^ 


»59 


312481 


174676879 


23.643180 


8.237661 
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Table — (Continued). 



llBinlier. 


Square. 


$60 


313600 


561 


314721 


562 


315844 


563 


316969 


564 


318096 


565 


319225 


566 


320356 


567 


321489 


568 


322624 


569 


323761 


570 


324900 


571 


326041 


572 


327184 


573 


328329 


574 


329476 


575 


330625 


576 


331776 


577 


332929 


578 


334084 


579 


335241 


580 


336400 


681 


337561 


582 


338724 


583 


339889 


584 


341056 


585 


342225 


586 


343396 


587 


344569 


588 


345744 


589 


346921 


690 


348100 


591 


349281 


692 


350464 


693 


351649 


594 


352836 


695 


354025 


596 


355216 


697 


356409 


598 


357604 


599 


358801 


600 


360000 


601 


361201 


602 


362404 


603 


363609 


604 


364816 


605 


366025 


606 


367236 


607 


368449 


608 


369664 


609 


370881 


610 


372100 


611 


373321 


612 


374644 


613 


375769 


614 


376996 


615 


* 378225 



Cube. 


Square Root. 


Cube Root. 


175616000 


23.664319 


8.242570' 


176558481 


23.685438 


8.247474- 


177504328 


23.706539 


8.252371 


178453547 


23.727621 


8.257263 


179406144 


23.748684 


8.262149 


180362125 


23.769728 


8.267029 


181321496 


23.790754 


8.271903 


182284263 


23.811761 


8.276772 


183250432 


23.832750 


8.281635 


184220009 


23.853720 


8.286493 


185193000 


23.874672 


8.291344 


186169411 


23.895606 


8.296190 


187149248 


23.916521 


8.301030 


188132517 


23.937418 


8.305865 


189119224 


23.968297 


8.310694 


190109375 


23.979157 


8.315517 


191102976 


24. 


8.320335 


192100033 


24.020824 


8.325147 


193100552 


24.041630 


8.329954 


194104539 


24.062418 


8.334755 


195112000 


24.083189 


8.339551 


196122941 


24.103941 


8.344341 


197137368 


24.124676 


8.349125 


198165287 


24.145392 


8.353904 


1991.76704 


24.166091 


8.358678 


200201625 


24.186773 


8.363446 


201230056 


24.207436 


8.368209 


202262003 


24.228082 


8.372966 


203297472 


24.248711 


8.377718 


204336469 


24.269322. 


8.382465 


205379000 


24.289915 


8.387206 


206426071 


24.310491 


8.391942 


207474688 


24.331050 


8.396673 


208527857 


24.351591 


8.401398 


209584584 


24.372115 


8.406118^ 


210644875 


24.392621 


8.410832. 


211708736 


24.413111 


8.415541 


212776173 


24.433583 


8.42024& 


213847192 


24.454038 


8.424944' 


214921799 


24.474476 


8.42963a 


216000000 


24.494897 


8.434327 


217081801 


24.515301 


8.439009 


218167208 


24.535688 


8.443687 


219^66227 


24.556058 


8.448360 


22034S864 


24.576411 


8.453027 


221445125 


24.596747 


8.457689 


222545016 


24.617067 


8.462347 


223648543 


24.637370 


8.466999 


224755712 


24.657656. 


8.471647 


225866529 


24.677925 


8.476289 


226981000 


24.698178 


8.480926 


228099131 


24.718414 


8.4855.57 


229220928 


24.7386.33 


8.490184 


230346397 


24.758836 


8.494806 


231475544 


24.779023 


8.499429 


232608375 


24.799193 


8.504 
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TiBti — (Continned )» 



IVUIMMr* 


Sqwre. 


Cube. 


8qnn Root 


CabtKooL 


616 


879456 


233744896 


24.819347 


8.508641 


617 


380689 


234885113 


24.839484 


8.513248 


618 


381924 


236029032 


24.859605 


8.517840 


619 


383161 


237176659 


24.879710 


8.622432 


620 


384700 


238328000 


24.899799 


8.527018 


621 


385641 


239483061 


24.919871 


6.631600 


622 


386884 


240641848 


24.939927 


8.536177 


623 


388129 


241804367 


24.959967 


8.540749 


624 


389376 


242970624 


24.979992 


8.545317 


625 


390625 


244140625 


25. 


8.649879 


626 


391876 


245314376 


25.019992 


8.554437 


627 


393129 


246491883 


25.039968 


8.558990 


628 


394384 


247673152 


25.059928 


8.563537 


629 


395641 


248858189 


25.079872 


8.568080 


630 


396900 


250047000 


25.099800 


6.572618 


631 


398161 


251239591 


25.119713 


8.577152 


632 


399424 


252435968 


25.139610 


8.681680 


633 


400689 


253636137 


25.159491 


6.586204 


634 


401956 


254840104 


25.179356 


8.590723 


635 


403225 


256047875 


25.199206 


8.595238 


636 


404496 


257259466 


25.219040 


6.699747 


637 


405769 


258474853 


25.238858 


8.604252 


638 


407044 


259694072 


25.258661 


8.608752 


639 


408321 


260917119 


25.278449 


8.613248 


640 


409600 


262144000 


25.298221 


8.617738 


641 


410881 


263374721 


25.317977 


8.622224 


642 


412164 


264609288 


25.337718 


8.626706 


643 


413449 


265847707 


25.357444 


8.631183 


644 . 


414736 


267089984 


25.877155 


8.635656 


645 


416025 


- 268336125 


25.396850 


8.640122 


646 


417316 


269586136 


25.416530 


8.644585 


647 


418609 


270840023 


25.436194 


8.649043 


648 


419904 


272097792 


25.455844 


8.663497 


649 


421201 


273359449 


25.475478 


8.667946 


650 


422500 


274625000 


25.495007 


8.662301 


651 


423801 


275894451 


26.614701 


8.666831 


652 


425104 


277167808 


25.534290 


8.671266 


653 


426409 


278445077 


25.553864 


6.676097 


654 


427716 


279726264 


25.673423 


8.680123 


655 


429025 


281011375 


25.592967 


8.684545 


656 


430336 


282300416 


25.612496 


6.688963 


657 


431649 


283593393 


25.632011 


6.693376 


658 


432964 


284890312 


25.651510. 


6.697784 


659 


434281 


286191179 


26.670996 


8.702188 


660 


435600 


287496000 


25.690465 


8.706687 


661 


436921 


288804781 


25.709920 


8.710982 


662 


438244 


290117528 


25.720360 


8.715373 


663 


439569 


291434247 


25.748786 


8.7197.59 


664 


44089(> 


292754944 


25.768197 


6.724141 


665 


442225 


294079625 


25.787593 


8.728618 


666 


443556 


295408296 


25.806976 


6.782891 


667 


444689 


296740963 


25.826343 


6.787260 


668 


446224 


298077632 


26.845696 


6.741624 


669 


447561 


399418309 


26.865034 


8.746984 


«70 


448900 


300763000 


26.884368 


6.750840 


in 


450841 


802111711 


26.003667 


8.764681 
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T^Bidi^^O^ntiiiiiei^. 



; 



672 
673 
674 
675 
$76 
677 
678 
679 
68Q 
681 
682 
683 
684 
685 
086 
687 
688 
689 
690 

t9l 

$^ 
094 
695 
696 
697 
698 
69d 
7-00 
701 
i02 
703 
704 
705 
706 
707 
708 
709 
710 
7il 
712 
713 
714 

716 
717 
718 
719 
720 
721 
722 

m 

726 
726 

997 



Sqvure. 



451584 
452929 
454276 
455625 
456976 
458329. 
459684 
461041 
46^400 
.463761 
465124 
466489 
467856 
469225 
470596 
471969 
473344 
474721 
476100 
477481 
478864 
480249 
481636 
483025 
484416 
485809 
487^204 
488601 
490000 
491401 
492S04 
494^09 
495616 
497025 
498436 
499849 
50F264 
502681 
604100 
505521 
506944 
508369 
509796 
511225 
512656 
^14089 
515524 
516961 
518400 
519841 
521284 
522729 
524176 
525625 
627076 
^29529 



Cube. 


Square R^ot 


CabeBsot 


803464448 


25.922962 


8.759038 


304821217 


25.942243 


8.763380 


806182024 


25.961510 


8.767719 


807546875 


25.980762 


8.772053 


808915776 


26. 


8.776382 


810288733 


26.019223 


8.780708 


311665752 


26.038433 


8.785029 


313046839 


26.057628 


8.789346 


314432P00 


26.076809 


8.793659 


315821241 


26.095976 


8.797967 


317214568. 


26.116129 


8.802272 


318611987 


26.134268 


8.806572 


820013504 


26« 153393 


8.810868^ 


321419125 


. 20.172504 


8.815159 


322828856 


26.191601 


8.819447 


324242703 


26.210684 


8.823730 


325660672 


26.229754 


8.828009 


827082769 


26.248809 


8.832285 


828509000 


26.267851 


8.836556 


329939871 


26.286878 


8.840322 


831373888 


26.305892 


8.845085 


832812557 


2^.324893 


8.849344 


834255384 


26.343879 


8.853598 


335702375 


26.362852 


8.857849 


337153536 


26.381811 


8.862095 


33860S873 


26.400757 


8.866337 


340068392 


26.419689 


8.870575 


841532099 


26.438608 


8.874809 


848000000 


26.457513 


8.879040 


844472101 


26.476404 


8.883266 


8.45948988 


26.495282 


8.887488 


847428927 ' 


26.514147 ^ 


8.891706 


348913664 


26.532998 


8.895920 


850402625 


26.551836 


8.900130 


851895816 


26.570660 


8.904336 


^ 858393243 


26.589471 


8.908538 


854894912 ' 


26.608269 


8.912736 


856400829 


26.627053 


8.916931 


357911000 


26.645825 


8.921121 


85d425431 


26.664583 


8.925307 


360944128 


26.683328 


8.929490 


362467097 


26.702059 


8.933668 


863994344 ' 


26.720778 


8.937843 


365525$75 


26.739483 


8.942014 


367061696' 


26.758176 


8.946180 


868601813- 


26.776855 


8.950343 


370146232 


26.795522 


8.954502 


371694959 


36.814175 


8.958658 


378248000 


26.832815 


8.962809 


374805861 


26.851443 


8.96695T 


876367048 


26.870057 


8.971100 


877933067 . 


26.888659 


8.975240 


370503424 


26.907248 


8.979876 


881078125 


26.925824- 


8.983508 


882657176 


26.944387 


8.987687 


3S4240583 


26.962987 


8.9917eS 
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Nambar. 


Eqtan. 


CulM. 


SqaanBoot. 


CvbeBdafe 


728 


529984 


385828352 


26.981475 


8.995889 


729 


631441 


387420489 


27. 


9. 


730 


532900 


389017000 


27.018512 


9.004113 


731 


634361 


390617891 


27.037011 


9.008222 


732 


635824 


392223168 


27.055498 


9.012328 


733 


637289 


398832837 


27.07397» 


9.016430 


734 


638766 


395446904 


27.092434 


9.020529 


735 


640226 


397066376 


27.110883 


9.024623 


736 


641696 


398688256 


27.129310 


9.028714 


737 


643169 


400315553 


27.147743 


9.032802 


738 


644644 


401947272 


27.166155 


9.036885 


739 


646121 


403583419 


27.184564 


9.040965 


740 


647600 


406224000 


27.202941 


9.045041 


741 


649081 


406869021 


27.221315 


9.049114 


742 


560564 


408618488 


27.239676 


9.053183 


743 


652049 


410172407 


27.258026 


9.057248 


744 


653536 


411830784 


27.276363 


9.061809 


746 


656025 


413493625 


27.294688 


9.065367 


746 


656616 


416160936 


27.313000 


9.069422 


747 


658009 


416832723 


27.331300 


9.073472 


748 


659504 


418608992 


27.349588 


9.077619 


749 


661001 


420189749 


27.367864 


9.081563 


760 


662600 


421876000 


27.386127 


9.085603 


761 


664001 


423564751 


27.404379 


9.089689 


762 


666504 


425259008 


27.422618 


9.093672 


753 


667009 


426957777 


27.440845 


9.097701 


764 


668516 


428661064 


27.459060 


9.101726 


755 


570026 


430368875 


27.477263 


9.105748 


766 


671536 


432081216 


27.49.'>454 


9.109766 


767 


673049 


438798093 


27.613633 


9.113781 


758 


674564 


436519512 


27.531799 


9.117793 


769 


676081 


437245479 


27.549954 


9.121801 


760 


677600 


438976000 


27.568097 


9.125805 


761 


679121 


440711081 


37.586228 


9.129806 


762 


680644 


442450728 


27.604347 


9.133803 


763 


682169 


444194947 


27.621^464 


9.137797 


764 


583696 


446943744 


27.640649 


9.141788 


765 


68(^225 


447697126 


27.668633 


9.145774 


766 


686750 


449455096 


27.676705 


9.149757 


767 


688289 


451217663 


27.694764 


9.153787 


768 


689824 


452984832 


27.712812 


9.157713 


769 


691361 


454756609 


27.730849 


9.161686 


770 


692900 


456533000 


27.748873 


9.165656 


771 


694441 


458314011 


27.766886 


9.169622 


772 


695984 


460099648 


27.784888 


9.178585 


773 


597529 


461889917 


27.802877 


9.177544 


774 


699076 


463684824 


27.820865 


9.181600 


776 


600626 


465484875 


27.838821 


9.185452 


776 


602176 


467288676 


27.856776 


9.189401 


777 


603729 


469097433 


27.87471» 


9.193347 


778 


605284 


470910952 


27.892651 


9.197289 


779 


606841 


4727201.39 


27.910571 


9.201298 


780 


608400 


474562000 


27.928480 


9.205164 


781 


609961 


476379641 


27.946877 


9.209066 


782 


611 624 


478211768 


27.964262 


9.2l)KKI6 


788 


613089 


480048687 


27.982187 


9.216M0 
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# S^iuw. 1 


Cab«. 


B^twft BiMX. 


CvbaHoot. 


784 


614656 


48IS90304 


28. 


9.220872 


785 


616225 


483736025 


28.017851 


9.224791 


736 


617796 


485587656 


28.035691 


9.228706 


787 


619369 


487443403 


28.053520 


9.232618 


788 


620944 


489303872 


28,071337 


9.237527 


789 


622521 


491169069 


28.089143 


9.240438 


790 


624100 


493039000 


28.106938 


9.>S44335 


791 


625681 


404913671 


28.124722 


9.248:234 


793 


627264 


496793088 


28. 142494 


9.252130 


793 


628849 


498677257 


28. 160255 


9.256022 


794 


630436 


500566184 


28. 178006 


9.2599U 


796 


632025 


502459875 


28.195744 


9.263797 


796 


633616 


504358336 


28.213472 


9.267679 


797 


635209 


506261573 


28.231188 


9.271559 


798 


636804 


508169592 


28.248898 


9.275435 


799 


638401 


510082399 


28.266588 


9.279308 


^SOO 


640008 


512000000 


28.284271 


9.283177 


901 


641601 


518922401 


28.301948 


9.287044 


802 


648204 


515849608 


28.319604 


9.290907 


«03 


644809 


517781627 


28.337254 


9.294767 


^)4 


646416 


519718464 


28.354893 


9.298623 


«05 


648025 


521660125 


88.372521 


9.802477 


806 


649636 


523606616 . 


28.390139 


9.806327 


807 


651249 


525557943 


28.407745 


9.310175 


808 


^ 652864 


527514112 


28.425340 


9.814019 ^ 


809 


654481 


529475129 


28.442925 


9.317859 


810 


656100 


531441000 


28.460498 


9.321697 


811 


657721 


533411731 


28.478061 


9.325532 


812 


659344 


585387328 


28.495613 


9.329.3^^ 


813 


660969 


537366797 


28.513154 


9.333191 


814 


662396 


539353144 


28.530685 


9.337016 


815 


664225 


541343375 


28.548204 


9.. 3408:18 


816 


665856 


543338496 


28.565713 


9.344657 


817 


667489 


545338513 


28.583211 


9.348473 


818 


669124 


547343432 


28.600699 


9.352285 


819 


676761 


549353259 


28.618176 


9.356095 


820 


672400 


551368000 


28.635642 


9.359901 


821 


674041 


553387661 


28.653097 


9.363704 


822 


675684 


555412248 


28.670542 


9.367506 


823 


677329 


557441767 


28.687976 


9.371302 


824 


678976 


559476224 


28.705400 


9.375096 


825 


680625 


561515625 


28.722813 


9.378887 


826 


682276 


563559976 


28.740215 


9.372676 


827 


683929 


565609283 


28.757607 


9.386460 


828 


685584 


567663552 


28.774989 


9.390241 


829 


687241 


569722789 


28.792360 


9.394020 


880 


688900 


671787000 


28.809720 


9.397796 


881 


690561 


573856191 


28.827070 


9.401569 


882 


692224 


575930368 


28.844410 


9.405338 


883 


693889 


578009537 


28.861739 


9.409105 


884 


695556 


580093704 


28.879058 


9.412869 


885 


697225 


582182875 


28.896866 


9.416680 


886 


698896 


584277056 


28.913664 


9.420387 


887 


700569 


586376253 


28.930952 


9.424141 


888 


702244 


588480472 


28.948229 


9.427893 


988 


703921 


590589719 

V o 


28.965496 


9.43164« 
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HwmUr. 


84«M«. 


CalM. 


Sqinn 1001. 


CitoBpol, 


840 


705600 


592704000 


28.982753 


9.435388 


841 


707281 


594823321 


29. 


9.439130 


842 


708964 


596947688 


29.017236 


9.442870 


843 


710649 


699077107 


29.034462 


9.446607 


844 


712336 


601211584 


29.051678 


9.450341 


84i> 


714025 


603361125 


29.068883 


9.454071 


846 


715716 


605495736 


29.086079 


9.457799 


847 


717409 


607646423 


29.103264 


9.461524 


848 


719104 


609800192 


29.120439 


9.465247 


849 


720801 


611960049 


29.137604 


9.468966 


860 


. 722500 


614125000 


29.154759 


9.47268ft 


851 


724201 


616296051 


29.171904 


9.476395 


852 


726904 


618470208 


29.189039 


9.480106 


853 


727609 


620650477 


29.206163 


9.483818 


854 


729316 


. 622835864 


29.223278 


9.487518 


855 


731025 


625026375 


29.240383 


9.491219 


856 


732736 


627222016 


29.267477 


9. 4949 18 


857 


734449 


629422793 


29.274562 


9.498614 


858 


736164 


631628712 


29.291637 


9.502307 


859 


737881 


633839779 


29.308701 


9.505998 


860 


739600 


636066000 


29.32.5756 


9.509685 


861 


741321 


638277381 


29.342801 


9.513369 


862 


743044 


640603928 


29.359836 


9. 517051 


863 


744769 


6427351547 


29.376861 


9.52073a 


864 


746496 


644972544 


29.393876 


9.524406 


865 


748225 


647214625 


29.410882 


9.528079 


866 


749956 


649461896 


29.427877 


9.531749 


867 


751689 


651714363 


29.444863 


9.536417 


'868 


753424 


653972032 


29.461839 


9.539081 


869 


755161 


656234909 


29.478805 


9.542743 


870 


766900 


668503000 


29.495762 


9.546402 


871 


758641 


660776311 


29.512709 


9.560058 


872 


760384 


663054848 


29.629646 


9. 553712 


873 


762129 


665338617 


29.546573 


9.557868 


874 


763876 


667627624 


29.563491 


9.561010 


875 


765625 


669921875 


29.580398 


9.564655 


876 


767376 


672221376 


29.597297 


9.568297 


877 


769129. 


674526133 


29.614185 


9.57193T 


878 


770884 


676836162 


29.631064 


9.575674 


879 


772641 


679161439 


29.647932 


9.579208 


880 


774400 


681472000 


29.664793 


9.582839 


681 


776161 


683797841. 


29.681644 


9.586468 


882 


777924 


686128968 


29.698484 


9.590093 


888 


779689 


688465387 


29.715315 


9.593716 


884 


781456 


690807104 


29.732137 


9.697337 


886 


783226 


693154126 


29.748949 


9.600954 


886 


784996 


695606456 


29.765752 


9.604569 


887 


786769 


697864103 


29.782545 


9.608181 


888 


788644 


700227072 


29.799828 


9.611791 


889 


790321 


702696869 


•29.816103 


9.615897 


890 


793100 


704969000 


29.832867 


9.619001 


891 


793881 


707847971 


29.849623 


9.622603 


892 


795664 


709732288 


29.866869 


9.626201 


893 


797449 


712121957 


29.883105 


9.629797 


894 


799236 


714516984 


29.899832 


9.633890 


895 


801025 


716917876 


29.916550 


9.636981 
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TABtB-^Oontinued). 



NMBter* 


Sqmra. 


Cube. 


SqtttTB Koot. 


CObeloM. 


896 


802816 


719323136 


29.933259 


9.640669 


897 


804609 


721734273 


29.949968 


9.644164 


698 


806404 


724150792 


29.966648 


9.647736 


899 


808201 


726572699 


29.983328 


9.651316 


900 


810000 


729000000- 


30. 


9.654893 


901 


811804 


731432701 


30.016662 


9.658468 


902 


813604 


733870808 


30.033314 


9.662040 


903 


815409 


736314327 


30.049958 


9.665609 


004 


817216 


738763264 


30.066592 


9.669176 


905 


819025 


741217625 


30.083217 


9.672740 


906 


820836 


743677416 


30.099838 


9.676301 


907 


822649 


746142643 


30.116440 


9.679860 


908 


824464 


748613312 


30.133038 


9.683416 


909 


826281 


761089429 


30.149626 


9.686970 


910 


828100 


753571000 


30.166206 


9.690621 


911 


829921 


766058031 


30.182776 


9.694069 


912 


831744 


758550528 


30.199337 


9.697616 


913 


833569 


761048497 


30.215889 


9.701168 


914 


835396 


763551944 


30.232432 


9.704698 


916 


837226 


766060875 


30.24S966 


9*. 708236 


916 


839056 


768576296 


30.265491 


9.711772 


017 


840889 


771095213 


30.282007 


9.715306 


918 


842724 


773620632 


30.298514 


9.718836 


919 


844561 


776151559 


30.315012 


9 . 722363 


020 


846400 


778688000 


30.331501 


9.725888 


921 


848241 


781229961 


30.347981 


9.729414) 


922 


850084 


783777448 


30.364452 


9.732930 


923 


851929 


786330467 


30.380916 


9.736448 


924 


853776 


788889024 


30.397368 


9.739968 


925 


855625 


791453125 


30.4-13812 


9.743475 


926 


857476 


794022776 


30.430248 


9.746986 


927 


859329 


796597983 


30.446674 


9.750493 


928 


861184 


799178752 


80.463092 


9.753998 


929 


863041 


801765089 


30.479501 


9.757500 


930 


864900 


804357000 


80.495901 


9.761000 


A31 


866761 


806954491 


30.512292 


9.764497 


932 


868624 


809557568 


30.528675 


9.767992 


933 


870480 


812166237 


30.545048 


9.771484 


934 


872356 


814780504 


30.561413 


9.774974 


936 


874226 


817400375 


30.577769 


9.778461 


936 


876096 


. 820026856 


30.594117 


9.782946 


937 


877969 


822656953 


30.610455 


9.785428 


938 


879844 


825293672 


30.626786 


9.78890^ 


939 


881721 


827936019 


30.643106 


9.792386 


940 


883600 


830584000 


30.659419 


9.795861 


94] 


885481 


833237621 


30.675723 


9.799333 


942 


887364 


835896888 


80.692018 


. 9.802803 


943 


889249 


838561807 


30.708305 


9.806271 


944 


891136 


841232384 


30.724583 


9.809736 


946 


893025 


843908626 


30.740852 


9.813198 


946 


894916 


846590536 


30.767113 


9.816669 


947 


896809 


849278123 


30.773365 


9.820117 


948 


898704 


851971392 


80.789608 


9.823578 
9.827026 


940 


900601 


854670349 


30.805843 


960 


902600 


867376000 


30.822070 


9.830476 


961 


904401 


860086361 


30.838287 


9.833^ 
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NmAmt. 


Sqtnre. 


CutM^ 


8<iuanRaot. 


OibeBM*. 


962 


906304 


862801408 


30.854497 


9.837869 


953 


908209 


866523177 


80.870698 


9.640812 


954 


910116 


868250664 


80.886890 


9.844253 


955 


912025 


870983875 


30.903074 


9.847698 


956 


913936 


873722816 


30.919249 


9.851128 


957 


915849 


876467493 


80.935416 


9.854561 


958 


917764 


879217912 


80.951575 


9.857992 


959 


919681 


881974079 


30.967725 


9.861431 


960 


921600 


884736000 


80.983866 


9.864848 


961 


923521 


887503681 


31. 


9.868372 


962 


925444 


890277128 


81.016124 


9.871694 


963 


927369 


898056347 


31.032241 


9.875118 


964 


929296 


896841344 


31.048349 


9.878530 


965 


931225 


898632125 


81.064449 


9.881945 


966 


933156 


901428696 


31.080540 


9.885837 


.967 


935089 


904231063 


81.096623 


9.888767 


968 


937024 


907039232 


31.112698 


9.892174 


969 


938961 


909853209 


31.128764 


9.895580 


970 


940900 


912673000 


31.144623 


9.898983 


971 


942841 


915498611 


31.160872 


9.902388 


972 


944784 


918330048 


3U 176914 


9.905781 


973 


946729 


921167317 


31.192947 


9.909177 


974 


948676 


984010424 


31.208973 


9.912571 


975 


950625 


926859375 


31.224990 


9.915968 


976 


952576 


929714176 


31.240998 


9.919S51 


977 


954529 


982574833 


31.256999 


9.922738 


978 


956484 


935441352 


81.272991 


9.926128 


979 


958441 


988313739 


81.288975 


9.929604 


980 


960400 


941192000 


31.304951 


9.932888 


981 


962361 


944076141 


31.320919 


9.936261 


982 


964324 


946966168 


31.336879 


9.939636 


983 


966289 


« 949862087 


31.352830 


9.943009 


984 


968256 


958763904 


31.368774 


9.946379 


985 


970225 


955671625 


31.364709 


9.949747 


986 


972196 


958585256 


81.400636 


9.9531L8 


987 


974169 


961504803 


31.416556 


9.956477 


988 


976144 


964430272 


31.432467 


9.959839 


989 


978121 


967361669 


31.448370 


9.963198 


990 


980100 


970299000 


61.464265 


9.966554 


991 


982081 


978242271 


81.480152 


9.969909 


992 


984064 


976191488 


31.496031 


9.973368 


993 


986049 


979146657 


31.511902 


9.976612 


994 


988036 


982107784 


31.527765 


9.979969 


995 


990025 


985074875 


31.543620 


9.983304 


996 


992016 


988047936 


31.559467 


9.986648 


997 


994009 


991026973 


31.575306 


9.989990 


998 


996004 


994011992 


31.591138 


9.993388 


999 


998001 


997002999 


31.606961 


9.99666& 


1000 


1000000 


1000000000 


31.622776 


10. 



AidUi4nuil use of this table con be made by the aid of the following Rules : 

To find the Square of a Number above 1000 —when the Number 
is divisible by any Number without leaving a Remainder. 

INm.— If th« numbor «xceed by 3, 3» or any otber nuttber of ^mmt kxf 
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Bomber contained In the table, let the fqinue affixed to that number in the table 
be multiplied by the square of 3, 3, 4, 5, or 6, Ate, and the product will be the 
muwer. 

BzAMFLB. — ^Required the square of 1550. 

1550 is 10 times 155, and the square of 155 in the table is S4035. 

Then 84035X 10* = 3402500 Jliu. 

When the Number is an* Odd Number. 

Bulb. — ^Find the two numbers nearest to eaeh other, which, added tofethM', 
make that sum ; then the sum of the squares of these two numben, as per table, 
mialtiplied by 8, will give the answer, exceeded by 1, which is to be subtracted, and 
the remainder is the answer required. 

ExAHPLB.— What is the square of 13451 

The nearest two numbers are | ^^ | =: 1345. 

fh-n «•,♦.«« ) 673* = 458930 
Then, per table, } cTga-^ 451594 

004513X3 = 180008^-1 = 1809085 Jln». 

To find the Cube of a Number greater than is contained in the 

Table. 

Bulb. — ^Proceed as In sauares to find how many times the niunber exceeds one 
of the tabular numbers. Multiply the cube of tiiat numbor by the cube of the 
number of times the number sought exceeds the number in the table^ and the prod* 
net will be the answer. 

ExAMPLB.— What is the cube of 1300 1 

1800 is 3 times 400, and the cube of 400 is 64000000. 

Then 04000000x3* = 1738000000 Afu. 

To find the Squares of Numbers foUoteing each other tn Arith- 
metical Progression, 

Bulb.— Find the squares of the two first numbers in the usual way, and subtract 
the less from the greater. Add the difierence to the greatest square, with the ad- 
dition of 2 as a constant quantity ; the sum will be the square of the iMzt 
number. 

ExiUiKLS.-*What are the squares of 1001, 1008, 1003, 1004, and 1005 1 

1000> 3= 1000000 
090»=s 096001 

1000 
Add . . 8 

Add 1000* = 1000000 . 

1003001 Square of 1001. 
DUbrance, 8001+3=: 3003 

1004004 Square of 1008. 
Diflbrence, 8003+3 =: 8005 

1006009 Square oflOttS. 
Diflbrence, 8005+8= 8007 

1006016 Square of 1004. 
Diflbrence, 8007+3= 2000 

1010025 Square of 1005. 

To find the Cubes of Numbers following each other in Arithmetic 

col Progression. 

BiTLB.— Find the cubes of the two first numbers, and subtract the lew from th'- 
greater ; then multiply the least of the two numbers cubed, by 6 ; add the prodi"' 



|I8 a<lUAS«9| GU9S84 AK» KOQTS. 

with Uie addttioa of 6^ to the dUfeMBM, and cootiniw tlite tlM flntf Mtkas of 4tfbr> 

i^or the second series of differences, add the cube of the highest of tho abovd 
nombers to the difierence, and the sum will be the cube of the aext number. 

EzAMpLK.— What aid the cubes of 1001, lOOS, and 10031 

First Seriet. 

Cube of 1000 = 1000000000 
' Cube of 9flfl = 99700BB99 

2997001 Difference. 
SOOxe-Ha: «00 

Sooaoot DMferen<!e oTlOOO. 
flOOO +«£= 0006 

3009007 Difference of 1001. 
6006 -fees 6018 

30150^9 DifieMnoe of 1008. 
Second SerUt. 

Cube of 1000 a= 1000000000 

SUftieDCO for 1000, 3003001 

1003003001 = Cube of 1001. 
Difference for 1001, 3009007 

1006012008 = Cube of 1003. 
Difference for 1002, 3015019 

1009087087 s Ouhe Of HN8. 

To find the Cube or Square Hoot of a higher Number ih^n 1^ 

contained in the Table. 

RuLi.—- Find in fhe coluim of S^juaree or Cubes thenwi^ber neareat totiiatnum* 
ber whoee root is reqnired, and the number Aom which that square or cube is de« 
rived will be the answer when decimals are not of importance. 

. Ex AMPLC .>*-What is the square root of 568500 ? 

In the table of Squares, this number is the square of 750; therefore 750 is the 
square root required. 

EzAMPLa.-<-WhAt is the e«Ae voot of 9848000 1 

In the table of Cubes, 8848001 is tiie cube of m ; thoNAMw 191— is the enbo 
4aot required, nearly. 

To find the Cube Root qfan^ Number over 10<M). 

RuLK.— Find by the table the nearest euhe to the number ^ven, and call it the 
assumed culie. Multiply the assumed cube and the given number respectively by 
8 ; to the product of the assumed cube add the i^Vfn number, and to the product 
of the given number add the assumed cube. 

Then, as the Mm of the assutned cube is to the sum of the given number, so it 
the root of the assumed cube to the root of the i^eti Bimibeh 

ExAMPLB.— What is the cube root of 324809 1 

By table, the.B0Brait«ube is 816000, and its root is 60. 

816000X84-994809 =r «8BeO», 
And 984809x8+316000 = 665618. 

Then, as 656809 : 665618 : : 60 : 00.604+ 

To find the Sixth Root of a Number, 

Bulb. — ^Take the cube root of its square root 
ExAMPtx.— What is the 4^ of 441 1 

^441 = 31, and ^21=3.7580 ^B«. 
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TO FIND THE CUBE OR SQUARE ROOT OF A NUMBER CONSISIV 
ING OF INTEGERS AND DECIMALS. 

Bulb.— 4£ultiply tbe cUffiHrence between the mot of tbe integer part and the loot 
of the next higher integer by the decimal, and add the prodnct to the root of the 
Integer ^¥en ; the sum will be &e root of the number required. 

UUa w torreet fw tkt sputre root to tkrte places of deeinuUSf and tn ike cube f>oct 
to Moen. 

£xjus?LB.— -What Ib the square root of 93.7S, and the cabe root of 843.75 1 



:^ 



54 
53 



7.3484 
7.S801 



.0663 
.75 

'Mm 

^ 533= 7.8801 
V^.75s: 7.331335 



^^1844 = 
V843 = 



9.4503 
9l4466 

.0037 
^ 

jeeST75 
^^843 a= 9.4406 

<$^B43.75s 9.449374 
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SIDES OF EQUAL SQUARES* 



Table of the Sides of SqiMtreS'-^ual in Area to 

Diameter^ from 1 to 100. 



1.00 
.25 
.5 
.76 

2. 
.26 
*6 
.76 

8. 
.25 
.6 
.76 

4. 
.25 
.5 
.76 

5. 
.26 
.5 
.75 

6. 
.26 
.5 
.75 

7. 
.25 
.5 
.76 

8. 
.26 
•5 
.75 

9. 
.25 
.6 
.76 
10. 
.25 
.5 
.76 
11. 
.25 
.5 
.76 
12. 
.25 
.5 
.75 
13. 
.26 
.6 
.76 
14. 
.25 
.6 

•re 



Square. 


DtaiMM'. 


Side of equal 
Squara. 


DiMMter. 


Side of equal 
Square. 


Diameter. 


0.886 


15. 


13.293 


29. 


25.700 


43. 


1.107 


.25 


13.514 


.25 


25.922 


.25 


1.329 


.5 


13.736 


.6 


26.143 


.5 


1.650 


.76 


13.958 


.75 


26.366 


.76 


1.772 


16. 


14.179 


30. 


26.686 


44. 


1.994 


.26 


14.401 


.26 


26.808 


.26 


2.216 


.6 


14.622 


.6 


27.029 


.5 


2.437 


.75 


14.844 


.75 


27.251 


.76 


2.668 


17. 


16.065 


31. 


27.473 


45. 


2.880 


.25 


16.287 


.25 


27.694 


.25 


3.101 


.5 


16.508 


.5 


27.916 


. .6 


3.323 


.75 


16.730 


.76 


28.137 


.75 


3.644 


18. 


16.952 


32. 


28.359 


46. 


3.766 


.25 


16.173 


.25 


28.580 


.26 


3.988 


.5 


16.396 


.6 


28.802 


.6 


4.209 


.75 


16.616 


.75 


29.023 


.76 


4.431 


19. 


16.838 


33. 


29.245 


47. 


4.652 


.26 


17.059 


.25 


29.467 


.25 


4.874 


.6 


17.281 


.5 


29.688 


.5 


6.095 


.75 


17.602 


.75 


29.910 


.76 


6.317 


20. 


17.724 


34. 


30.131 


48. 


5.638 


.25 


17.946 


.25 


30.353 


.26 


6.760 


.5 


18.167 


.5 


30.574 


.6 


5.982 


.75 


18.389 


.76 


30.796 


.75 


6.203 


21. 


18.610 


35. 


31.017 


49. 


6.425 


.26 


18.832 


.25 


31.239 


.25 


6.646 


.5 


19.053 


.5 


31.461 


.5 


6.868 


.76 


19.275 


.75 


31.682 


.75 


7.089 


22. 


19.496 


36. 


31.904 


50. 


7.311 


.25 


19.718 


.26 


32.125 


.25 


7.532 


.5 


19.940 


.5 


32.347 


.6 


7.764 


.75 


20.161 


.75 


32.568 


.75 


7.976 


23. 


20.383 


37. 


32.790 


51. 


8.197 


. .26 


20.604 


.26 


33.011 


.26 


8.419 


.5 


20.826 


.5 


33.233 


.6 


8.640 


.75 


21.047 


.75 


33.455 


.75 


8.862 


24. 


21.269 


38. 


33.676 


62. 


9.083 


.25 


21.491 


.26 


33.898 


.26 


9.306 


.5 


21.712 


.6 


34.119 


.6 


9..')26 


.75 


21.934 


.75 


34.341 


.75 


9.748 


25. 


22.155 


39. 


34.562 


53. 


9.970 


.25 


22.377 


.25 


34.784 


.25 


10.191 


.5 


22.698 


.6 


35.006 


.5 


10.413 


.75 


22.820 


-.75 


35.227 


.76 


10.634 


26. 


23.041 


40. 


36.449 


64. 


10.856 


.25 


23.263 


.25 


35.670 


.26 


11.077 


.5 


23.485 


.5 


35.892 


.6 


11.299 


.76 


23.706 


.76 


36.113 


.76 


11.620 


27. 


23.928 


41. 


36.336 


66. 


11.742 


.25 


24.149 


.25 


36.556 


.25 


11.964 


.5 


24.371 


.5 


36.778 


.6 


12.186 


.76 


24.592 


.75 


36.999 


.75 


12.407 


28. 


24.814 


42. 


37.221 


50. 


12.628 


.25 


25.035 


.25 


37.443 


.25 


12.850 


.5 


25.257 


.6 


37.664 


.6 


-IQ A>71 


•TR 


Oft A7Q 


-7fi 


aT.flSR 


.75 



a Circle of any 



ffide of equal 
. Square. . 

38.107 

38.329 

38.550 

38.772 

38.993 

39.216 

39.437 

39.658 

39.880 

40.101 

40 . 323 

40.544 

40.766 

40.987 

41.209 

41.431 

41.652 

41.874 

42.095 

42.317 

42.538 

42.760 

42.982 

43.203 

43.426 

43.646 

43.868 

44.089 

44.311 

44.532 

44.754 

44.976 

45.197 

45.419 

45.640 

45.862 

46.083 

46.305 

46.. 526 

46.748 

46.970 

47.191 

47.413 

47.634 

47.856 

48.077 

48.299 

48.520 

48.742 

48.964 

49.185 

49.407 

49.628 

49.850 

60.071 

60.-2<'3 
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Table— (ContiDued). 



Dhnetor. 


Side of «qaa 


Dmmeter. 


Side of equal 

Square. 


Diameter. 


Side of equal 
Sqoare. 


Diameter. 


Side or eqoal 
Square 


67. 


60.614 


68. 


60.263 


79. 


70.011 


90. 


79.760 


.25 


60.736 


.26 


60.484 


.25 


70.233 


.25 


79.981 


.5 


60.968 


.6 


60.706 


.5 


70.455 


.5 


80.203 


.75 


61.179 


.76 


60.928 


.75 


70.676 


.76 


80.426 


58. 


61.401 


69. 


61.149 


80. 


70.898 


91. 


80.646 


.25 


61.622 


.26 


61.371 


,25 


71.119 


.25 


80.868 


.5 


61.844 


.6 


61.692 


.6 


71.841 


.6 


81.089 


.76 


«e.065 


.76 


61.814 


.76 


71.562 


.75 


81.311 


59. 


62.287 


70. 


62.036 


81. 


71.784 


92. 


81.532 


.25 


62.608 


.26 


62.257 


.26 


72.006 


.25 


81.764 


.5 


62.730 


.6 


62.478 


.5 


72.227 


.6 


81.976 


.75 


62.952 


.76 


62.700 


.75 


72.449 


.75 


82.197 


60. 


63.173 


71. 


62.922 


82. 


72.670 


93. 


82.419 


.25 


63.396 


.26 63.143 


.26 


72.892 


.25 


82.640 


.5 


63.616 


.6 


63.366 


.6 


73.113 


.6 


82.862 


.75 


63.838 


.76 


63.686 


.76 


73.335 


.76 


83.083 


61 


64.069 


72. 


63.808 


83. 


73.556 


94. 


83.306 


.25 


64.281 


.26 


64.029 


.25 


73.778 


.26 


83.526 


.5 


64.602 


.6 


64.251 


.6 


73.999 


.6 


83.748 


.75 


54.724 


.76 


64.473 


.75 


74.221 


.75 


83.970 


62. 


64.946 


73. 


64.694 


84. 


74.443 


95. 


84.191 


.25 


66.167 


.26 


64.916 


.26 


74.664 


.26 


84.413 


.5 


66.389 


.6 


65.137 


.5 


74.886 


.5 


84.634 


.75 


66.610 


.76 


65.359 


.75 


75.107 


.76 


84.856 


63. 


66.832 


74. 


65.580 


85. 


75.329 


96. 


85.077 


.25 


66.063 


.26 


65.802 


.25 


75.550 


.25 


85.299 


.5 


66.276 


.6 


66.023 


.6 


75.772 


.6 


85.520 


.75 


66.496 


.76 


66.245 


.75 


75.993 


.75 


85.742 


64. 


66.718 


76. 


66.467 


86. 


76.215 


97. 


85.964 


.25 


66.940 


.26 


66.688 


.25 


76.4.37 


.26 


86.186 


.5 


67.161 


.6 


66.910 


.5 


76.658 


.6 


86.407 


.76 


67.383 


.76 


67.191 


.76 


76.880 


.76 


86.628 


65. 


67.604 


76. 


67.353 


87. 


77.101 


98. 


86.850 


.25 


67.826 


.26 


67.674 


.26 


77.323 


.25 


87.071 


.5 


68.047 


.6 


67.796 


.5 


77.544 


.5 


87.293 


.76 


68.269 


.76 


68.017 


.75 


77.766 


.75 


87.514 


66. 


68.490 


77. 


68.239 


88. 


77.987 


99. 


87.736 


.25 


68.712 


.26 


68.461 


.26 


78.209 


.25 


87.958 


.5 


68.934 


.6 


68.682 


.6 


78.431 


.5 


88.179 


.76 


69.166 


.76 


68.904 


.75 


78.652 


.75 


88.401 


67. 


69.377 


78. 


69.125 


89. 


78.874 


100. 


88.622 


.25 


69.698 


.26 


69.347 


.25 


79.095 


.25 


88.844 


.5 


69.820 


.6 


69.568 


.6 


79.317 


.5 


89.066 


.75 60.041 1 


.76 


69.790 


.75 


79.538 


.76 


89.287 



USE OF THIS TABLE. 

To find a Square that shall have the same Area as a Given Circle. 

EzAMPLK.— What ia the side of a square that has the same area as a circle of 
T3i inches "^ 

By table of Areas, page 93, opposite to 73.25 is ito area. 4214.1 ; and in the above 
table, page 121, is 64.91^ the side of a square that has the same area as a circle of 
734 inches in diameter. 

ExAMPLB.— What should be the side of a square that woiUd give the same area 
as a board fhat is 18 inches wi.de and 10 feet long 1 

L 



ISS SIDES OF EQTTAL SQT7AS1S. 

ISinehealf lA ftet 

10 

TSTofiset 

144i quag6 Inelief in 4 tbOL 

600 
600 
UO 

2160.0 inches area. 

By table, page 190, 9164.75 inches area have a diameter of 59.5 inelMs, whleh-?lB 
IImi above table gives an equal side of 46JM, Which is the answer rvrj nearly. 



r 
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PLANE TRIGONOMETRY. 

A B C the three angles (A the right angle) ; aie the three sides respectively op- 
posite to them ; £ the tabular radios (1 or 1000000) ; S the area of the triangle, and 



p halfits peiiiiiettr= (j^pr)' 



RtOHT-ANOLED TRIANOLES. 




Given. Tojind A C and B A. 

Hyp. B C, 5 R : B C : : sin. B : AG» 
.(R : BC : : sfai. C : BA. 



R 



and Angles 

GiTSN. 



AC, 5 
and Angles.} 



Given. 



To Jind B A (md BC, 

R : AC : : tan. C : B A, 
R : A C : : sec. C : B C, 
or sin. B : AG : : R : BC. 

To find Angles and AC. 



Hyp. BC, 5BC:R::BA:cin.C, whose eomp^ is B. 
ad leg B A. ( R : B C : : sin. B : AC. 



and 

GtVSN. 

> 

Both legs. I 



Tb find Angles and BC, 

A C : R : : B A : taa. O, whese oonpi. to B. 
( 8in. C : B A : : R : B C, 
{or R : AC : : sec. C : BC. 

NoTB. — By tvi. or tan. Bar C it meant the tine or tangent of the angle B «r C. 



liet A B C be a right-angled triangle, in which A B is as- 
sumed to be radios ; B C is the tangent of A, and A C its 
secant to that radius ; or, dividing each of these by the base, 
we shall have the tangent and secant of A respectively to 
radius 1. Tracing the consequehces of assuming B C and 
A C each for radius, we obtain the following ezpreaidons : 




EfTE* 

base 
hyp. 
base 
perp. 
hyp. 



; taiA angle A. 

sec. angle A. 

: sin. angle A. 



base 
perp. 
hyp. 



perp. 

base 

hyp. 



=s tan. angle G. 
= sec. angle C 



= sin. angle C. 
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PLANE TRIGONOMETRY. 



OBLIQUE-ANGLED TRIANGLES. 





A.GC D AD "-C 

Given, the Angles arid Side A B, to find B C and A C. 



Bin. C : A B 
Sin. C : AB 



sin. A : B C. 
sin. B : A C. 



QiT£N, ttpo Sides A B, B C, amd the Angle C, to find Angle A and B, 

and Side AC. 

A B ." rin. C : : B C : sin. A, which, added to C, and the sum mibtracted ftom 
1800, wiU give B. 

Sin. C : A B : : dn. B : A C. 

GiTEN, A C, A By and the induded Angle A, to find Angles C and B, 

and Side BC, 

Subtract half the given angle A from W> ; the remainder is half the sum of the 
other angles. Then, as the sum of tbe sides A C, A B is to their difference, so is 
the tangent of the half sum of the other angles to tbe tangent of half their difibr- 
ence, which, added to and subtracted from the half sum, will givd tfxe two angles 
B and C, the greatest angle being opposite to the greatest side. 

Sin. B : AC : : sin. A : BC. 

GiTSN, aU three Sides^ to find aU the Angles, 

Let fall a perpendicular B D opposite to khe required angle ; then, as A C : sum 
of A B, B C : : their dlfierence : twice D G, ,the distance of the perpendicular from 
the middle of the base ; hence A D, C D are known, and the triangle A B C is divi- 
ded into two right-angled triangles B C D, B A D ; then, by the rules in right-angled 
triangles, find the angle A or C. 
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Table of Naturfd Stncs^ Conm^t o-^ Tangents. 



an. 



Sioe. 



Cosioa. 



TvatiBok. 



.15 


00436 


99999 


00436 


.30 


00872 


99996 


00873 


.45 


01309 


99991 


01309 


I. 


01745 


99985 


01745 


.16 


02181 


99976 


02182 


.30 


02618 


99966 


02619 


.45 


03054 


99953 


03055 


8. 


03490 


99939 


03492 


.15 


03926 


99923 


03929 


.30 


04362 


99905 


04366 


.45 


04798 


99885 


04803 


d. 


05234 


99863 


05241 


.15 


05669 


99839 


05678 


.30 


06105 


99813 


06116 


.45 


06540 


99786 


06554 


4. 


06976 


99756 


06993 


.15 


07411 


99725 


07431 


.30 


07846 


99692 


07870 


.45 


08281 


99657 


08309 


6. 


08716 


99619 


08749 


.15 


09150 


99580 


09189 


.30 


09585 


99540 


09629 


.45 


10019 


99497 


10069 


6. 


10453 


99452 


10510 


.15 


10887 


99406 


10952 


.30 


11320 


99357 


11394 


.45 


11754 


99307 


11836 


7. 


12187 


99255 


12278 


.15 


12620 


99200 


12722 


.30 


13053 


99144 


13165 


.45 


13485 


99087 


13609 . 


8. 


13917 


99027 


14054 


.15 


14349 


98965 


14499 


.30 


14781 


98902 


14945 


.45 


15212 


98836 


15391 


». 


15643 


98769 


15838 


.15 


16074 


98700 


16286 


.30 


16505 


98629 


16734 


.45 


16935 


98556 


17183 


10. 


17365 


98481 


17633 


as 


17794 


98404 


18083 


.30 


18224 


98325 


18534 


.45 


18652 


98245 


18986 


11. 


19081 


98163 


19438 


.15 


19500 


98079 


19891 


.30. 


19937 


97992 


20345 


.45 


20364 


97905 


20800 


12. 


20791 


97815 


21256 


.15 


21218 


97723 


21712 


.30 


21644 


97630 


22169 


.45 


22070 


97534 


22628 


18. 


22495 


97437 


23087 


.15 


22920 


97338 


23547 


.30 


23345 


97237 


24008 


.45 


23769 


97134 


24470 



D. M. 

TiV 
.15 

.30 
.45 

15. 
.15 
.30 
.45 

16. 
.15 
.30 
.45 

17. 
.15 
.30 
.45 

18. 
.15 
.30 
.45 

19. 
.15 
.30 
.45 

20. 
.15 
.30 
.45 

21. 
,15 
.30 
.45 

22. 
.15 
.30 
.45 

23. 
.15 
.30 
.45 

24. 
.15 
.30 
.45 

25. 
.15 
.30 
.45 

26. 
.15 
.30 
.45 

27. 
.15 
.30 



Sine. 



24192 
24615 
25038 
25460 
25882 
26303 
26724 
27144 
27564 
27983 
28402 
28820 
29237 
29654 
30071 
30486 
30902 
31316 
31730 
82144 
32557 
32970 
33381 
33792 
34202 
34612 
I' 35021 
35429 
35837 
36244 
36650 
37056 
37461 
37865 
38268 
38671 
39073 
39474 
39875 
40275 
40674 
41072 
41469 
4 1866 
42262 
42657 
43051 
43445 
43837 
44229 
44620 
45010 
45399 
45787 
46175 
46561 



CoMBe. 

97030 
96923 
t 96815 
96705 
96593 
96479 
96363 
96246 
96126 
96005 
95882 
95757 
95630 
95502 
95372 
95240 
95106 
94970 
94832 
94693 
94552 
94409 
94264 
94118 
93969 
93819 
93667 
93514 
93358 
93201 
9:i042 
92881 
92718 
92554 
92388 
92230 
92050 
91879 
91706 
91531 
91355 
91176 
90996 
90814 
190631 
90446 
90259 
90070 
89879 
89687 
89493 
89298 
89101 
88902 
88701 
88499 



Tangeat. 

24933 
25397 
25862 
26328 
26794 
27263 
27732 
28203 
28675 
29147 
29621 
30097 
30573 
31051 
31530 
32010 
32492 
32975 
33460 
33945 
34433 
34022 
35412 
35904 
. 36397 
36892 
37388 
37887 
38386 
38888 
39391 
.39896 
40403 
409U 
41421 
41933 
42447 
42983 
43481 
44001 
44522 
45046 
45572 
46100 
46630 
47163 
47697 
48234 
48773 
49314 
49858 
50404 
50952 
51503 
52066 
5361" 
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NATUHAL SINES, COSINES, AND TANGENTS. 



Table — (Continaed). 



D.M. 


SIM. 


Cwine. 

88295 


Tangent. 


D M. 


Slac 


Codne. 
79864 


Tugeat. 


28. 


46047 


63170 


37. 


60182 


75355 


.15 


47332 . 


88089 


63731 


.15 


60529 


79600 


76041 


.30 


47716 


87882 


64295 


.30 


60878 


79335 


76732 


.45 


48099 


87673 


54861 


.45 


61222 


79069 


77428 


39. 


48481 


87462 


65430 


38. 


61666 


78801 


78128 


.15 


48862 


•87250 


56002 


.15 


61909 


78532 


78833 


.30 


49242 


87036 


56877 


.30 


62261 


78261 


79543 


.45 


49622 


86820 


57164 


.45 


62592 


77988 


80268 


30. 


50000 


86603 


57736 


39. 


62932 


77715 


80978 


.15 


50377 


86384 


68318 


.16 


63271 


77489 


81703 


.30 


50764 


86163 


58904 


.30 


63608 


77162 


82433 


.45 


51129 


86941 


59493 


.45 


63944 


76884 


83169 


31. 


61504 


85717 


60086 


40. 


64279 


76604 


83910 


.15 


.51877 


85491 


60681 


.15 


64612 


7632a 


84656 


.30 


52250 


85264 


61280 


.30 


64945 


76041 


85408 


.45 


52621 


85035 


61881 


.45 


65276 


75756 


86165 


32. 


52992 


84805 


62486 


41. 


65606 


75471 


86928 


.15 


assQi 


84573 


63095 


.15 


65935 


75184 


87697 


.30 


53730 


84339 


63707 


.30 


66262 


74896 


88472 


.45 


54097 


84104 


64392 


.45 


66588 


74606 


89253 


33. 


54464 


83867 


64940 


42. 


66913 


74314 


90040 


.15 


54829 


83629 


65562 


.15 


67237 


74022 


90833 


.30 


55194 * 


83389 


66188 


.30 


67569 


73728 


91633 


.45 


55557 


83147 


66817 


.46 


67880 


73432 


92439 


34. • 


55919 


82904 


67450 


43. 


68200 


73135 


93261 


.15 


56280 


82659 


68087 


.15 


68518 


72837 


94070 


.30 


66641 


82413 


68728 


. .30 


68835 


72537 


94896 


.45 


57000 


82165 


69372 


.45 


69161 


72236 


95729 


35. 


57358 


81915 


70020 


44. 


69466 


71934 


96568 


.15 


67715 


81664 


70673 


.16 


69779 


71630 


97415 


.30 


68070 


81412 


71329 


.30 


70091 


71325 


98269 


.45 


58425 


81157 


71989 


.45 


70401 


71019 


99131 


36. 


58779 


80902 


72654 


45. 


70710 


70710 


1.00000 


.15 


69131 


80644 


73323 


.15 


71019 


70401 


1.00876 


.30 


59482 


80386 


73996 


.30 


71325 


70091 


1.01760 


.45 


59832 


80125 


74673 
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TANGENTS F|U)M 4S0 TO 900. 



a 


Tangent. 


D. 


TaogMit. 


D. 


Tangent. 


D. 

73 


Taimeat 


D. 


TugML 


46 


1.0356 


55 


1.4281 


64 


2.0603 


3.2708 


82 


7.1153 


47 


1.0724 


1^ 


1.4826 


65 


2.1445 


74 


3.4874 


83 


8.1443 


48 


1.1106 


1.5399 


66 


2.2460 


76 


3.7321 


84 


9.5144 


49 


1.1504 


58 


1.6003 


67 


2.3568 


76 


4.0107 


85 


11.4301 


50 


1.1918 


59 


1.6643 


68 


2;4751 


77 


4.3314 


86 


14.3007 


51 


1.2349 


60 


1.7321 


69 


2.6051 


78 


4.7046 


87 


19.0811 


52 


1.2799 


61 


Ll.8040 


70 


2.7476 


79 


5.1445 


88 


28.6963 


53 


1.3270 


62 


1.8807 


71 


2.9042 


80 


5.6712 


89 


57.2900 


54 


1.3764 


63 


1.9626 


72 


3.0776 


81 


6.3187 


90 


Infinite. 
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To find the Sine or Cosine of any Angle exceeding 45^ i by the 

foregoing Table, 

Subtract the angle given from 90, look in the table for the re- 
mainder, and opposite to it take out the sine for the cosine, and the 
cosine for the sine of the angle given. 

Example. — What is the sine and the cosine of 85° 1 

85°— 90° = 5°, and opposite to 6° in the table is 08716 and 99619, 
which are respectively the cosine and sine of 85°. 

The sine of 90*> is 100000, cosine 0. 

The sine of an arc, divided by the cosine, gives the natural tan- 
gent of that arc. 

To compute Tangents and Secants, ' ' 



Cos. : sin. 
Cos. : rad. 
Sin. : cos. 
Sin. : rad.' 



rad. : tangent, 
rad. : secant, 
rad..: cotangent, 
rad. : cosecant. 



To find the Secant of an Angle. 

Divide 1 by the cosine of that angle. 
£xAMPLB.->The cosine of 21° 30' is .93041 ; 

^ : 1.07479. 



.93041 



To find the Cosecant of an Angle. 

Divide 1 by the sine of the angle. 
EiAMPLB.— The sine of 21° 80' is .36650 ; 



^ —2.72951. 



.36650 



To find the Versed Sine. 

Subtract the cosine from 1. 

£xAMPLB.--The cosine of 21° 30' is .93042 ; 

1— .93042 = .06958. 

9 

To find the Cover sed Sine. 

Subtract the sine of the angle from 1. 
ExAMPLB.-— The sine (^21° 30' is .36650 ; 

1— .36650 = .6335. 

To find the Chord of any Angle. 

Take the sine of half the angle and double it. 

ExAMPLB.— The chord of 21° 30' is required. 

21° 30' 
Sine of ' = . 18652 X 2 = .37304. 
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MECHANICAL POWERS. 

PowEB is a compound of ipeigJUy or the expansion of a body, mul-i 
tiplied by its velocity : it cannot be increased by mechanical meana 

The Science of Mechanics is based upon Weight and Poioer, or 
Force and Resistance, 

The weight is the resistance to be overcome, the power is thq 
requisite force to overcome that resistiance* When they are eqaal 
no motion can take place. 

The Powers are three in number, viz., Lbvsb, Inclined Pli.nk» 
and Pulley. 

NoTK.-«-The Wheel and Axle is a eontinual or revolmng lever, ihe Wedge is a 
double inclined plane, and the Screw is a revolving iucliaed plane. 



LEVER. 

When the F%bU;rum (or Sup]^) of the Lever U hetapeen the Weight and 

the Power. 

Rule. — Divide the weig;bt to be raised by the power, and the 
quotient is the difference of leverage, or the distance from the Ail* 
crum at which the power supports the weight. 

Or, multiply the weight by its distance from the fulcrum, and the 
power by its distance from the same point, and the weight and 
power will be to each other as their products. 

£xAUPLE.-~A weight of 1600 lbs. is to be raised by a force of 80 
lbs. ; required the length of the longest arm of the lever, the short- 
est being 1 foot. 

— — — = 20 feet, Ans. 

80 #^ 

Proof, by second rule. 

leOOx 1 = 1600. 

80X20 = 1600. 

Example. — A weight of 2460 lbs. is to be raised with a lever 7 
feet long and 300 lbs. ; at what part of the lever must the fulcrum 
be placed 1 

-— — - = 8.2 ; that is, the weight is to the power as 8.2 to 1 ; there* 

300 

7X12 84 
fore the whole length • ^ - m . =r ~-^ s= 9.13 inches, Ihe distaaee* of 

the fulcrum from the weight. 

Example.— A weight of 400 lbs. is placed 16 inches from the ful- 
crum of a lever ; what force will raise it, the length of the other 
arm being 10 feet 1 

400x16 -^,. - 
^gQ • = ^ lbs., Ans, 

NoTB.— Pressure opon Ailcram equal the sum of weight and power. 



^ 
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i^Hien the JFhUcrum is at (me Extremity of the Lever, and ike Power, or 

the Wi^^, ^ the other. 

RuLB. — As the distance between the power or weight and fu]> 
crum is to the distance between the weight or power and fulcrum, 
80 is the effect to the power. 

Example —What power will raise 1500 lbs., the weight being 5 
feet from it, and 2 feet from the fulcrum ? 

6+2 = 7:2:: 1600 : 428.5714+ Aru. 

Example. — What is the weight oa each support of a beam that is 
30 feet long, supported at both ends, and bearing a weight of 6000 
lbs. 10 feet from one end ? 

30 : 20 : : 6000 : 4000 lbs. at the end nearest the weight ; and 
30 : 10 : : 6000 : 2000 lbs. at the end farthest from the weight. 
NoTB.— Pressure upon fulcrum is tiie difference of the weight and the power. 

The General Rule, therefore, for ascertaining the relation of 
Power to Weight in a lever, whether it be straight or curved, is, 
the power multiplied by its distance from the fulcrum, is equal to 
the weight multiplied by its distance from the fulcrum. 

Let P be called the power, W the weight, p the distance of P 
from the fulcrum, and w the distance of W from the fulcrum ; then 

P : W : : to : p, or PXp = Wx«»; 
and 

p W 

Wxw Vxp 

-p- =^ W ^'^• 

If several weights or powers act upon one or both ends of the 
lever, the condition of equilibrium is 

PXj»+FX/+P"X;»", &c., = Wxti;+W'Xtr', Ac. 

In a system of levers, either of similar, compound, or mixed kinds, 
the condition is 

Pxyx/x/^ ^ 

VfXw'Xw" 
Let P = 1 lb., p and / each 10 feet, p" 1 foot ; and ifw and u^ be 
each 1 foot, and to" 1 inch, then 

1x120x120x12 172800 ,„^ ^^ ^ . , ,. .„ ^ , 
— ^^^^^^^ — = -jj_=1200; that IS, 1 lb. will balance 

1200 lbs. with levers of the lengths above given. 

NoTK.— The weights of the levers in the above ibrmuin are not considered, the 
centre of gravity being assumed to be over the fulcrums. 

If the arms of the lever ba equally bent or cunred, the distances 
from the fulcrum must be measured upon perpendiculars, drawn 
from the lines of direction of the weight and power, to a line run- 
ning horizontally through the fulcrum ; and if unequally curved, 
measure the distances from the fulcrum upon a line running hori- 
Eontally through it till it meets perpendiculars falling from th&ends 
of the lever. 
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WHEEL AND AXLE. 

The power multiplied by the radius of the wheel is equal to the 
weight multiplied by the radius of the axle. 

As the radius of the wheel is to the radius of the axle, so is the 
effect to the power. 

When a series of wheels and axles act upon each other, either by 
belts or teeth, the weight or velocity will be to the power or unity 
as the product of the radii, or etrcQmfereoees of the wheels, to the 
product of the radii, or circumferences of the axles. 

Example. — If the radii of a series of wheels are 9, 6, 9, 10, and 
12, and their pinions have each a radius of 6 inches, and the weight 
appli^ be 10 lbs., what weight will it raise t 

10X9X6X9X10X12 ^ ,, ^ ^^^, 

6x6x6x6x« 
Or, if the 1st wheel make 10 revolutions, the last will make 76 in 
the same time. 

Note.— For » fuller treatise oa wheels, see Ori«r*» Mecianie*$ CUeitfater, paces 
190 to 138. 

To find ihs Power of Cranes^ ^c. 

Rule. — Divide the product of the driven teeth by the product of 
the drivers, and the quotient is the relative velocity, which, multi- 
plied by the length of the winch and the force in Jbs., and divided 
by the radius of the barrel, will give the weight that can be raised. 

Example. — A force of 18 lbs. is applied to the winch of a crane, 
the length being 3 inches ; the pnion havipg 6, the wheel 72 teeth, 
and the barrel 6 inches diameter. ^ 

^ =r 13 X 8 X 1« == 1728-^3 =s 676 lbs. weight. 

Let to represent length of winch, 
r " radius of barr^, 
P " force applied, 

9 " velocity, 

W " weight raised. 

Example. —A weight of 94 tons is to be raised 800 feet in 15 

. mhiutes, by a force the velocity of whvdh is 220 feet per minute ; 

what is the power required 1 

360 

3= 24 feet per mmute. 



— =W. 

r 

Wr = t>u>P. 



15 
24x94 



ss 10 2642 tons. 



220 

In a wheel and axle, where the axle has two diameters, the con* 
ditioD of equilibrium is 

WiP:: E:4(r— r'); 
or, PxR=;5WX:i(r— r'J; 
that is, the weight is to the power as the lever by which the power 
works, is to half the difference of the radii of the axle ; 



R representing radius of wheel, 
r " radios of large axle, 

f *' radius of less axle. 



INCLINED PLANE. 



Rule. — As the length of the plane is to its height, so is the 
Weight to the power. 

Example. — Required the power necessary to raise 1000 lbs. up 
an inclined plane 6 feet long and 4 feet high. 

As 6 : 4 : : 1000 : 666.66 Ans. 

hdi W represent weight, 

h ** hei^t of plane, 
I ** length of phine, 
P «* power, 
b ^ base oif plane, 
p' " pressure on plane. 



— r. 

Wx6 , 



To find the Length of the Base, Height^ or Length of the Plane^ 

when any two of them are given* 

Rule. — For the length of the base, subtract the square of the 
height from the square of the length of the plane, and the square 
root of the remainder will be the length of the base. 

For the length of the vfane, add the squares of the two other di- 
mensions together, ana the square root of their sum will be the 
length required. 

For the height, subtract the square of the base from the square of 
the length ofthe plane, and the square root of the remainder is the 
height required. 

EzAHPLE. — ^The height of an inclined plane is 20 feet, and its 
length 100 ; what is its base, and the pressure of 1000 lbs. upon the 

v^20«— 100» =9600 = 97.98 the base. 

As 100 : 20 : : 1000 : 200 lbs. necessary power to raise the 1000 

,. .1000X97.98 ^„„«.^ ^ , 

lbs., and t^^ = 979.8 the pressure upon the plane. 

lOv 

If two bodies on two inclined planes sustain each other by the aid of 
a cord over a pulley, their weights are directly as the lengths of the 
fUnes*. 

Example.— If a body of 50 lbs. weight, upon an inclined plane, of 
10 feet rise in 100, be sustained by another weight on an opposite 
plane, of 10 feet rise to 90 of an inclination, what is the weight of 
the latter \ 

As 100 : 90 : : 50 : 45, the answer. 

yrhen a body is supported by two planes, and if the weight be repfe^ 
gented by the sine of the angle between the two planes. The pressures 
upon them are reciprocally as the sines of the inclinations of those 
pkines to the horizon, viz. : 
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'Sine of the angle be- 
The weight, 1 tween the planes 

The pressure upon one plane, J are as.^ *one rfani """^ 

The pressure upon the other plane, ) g^^^ ^ j^^- ^^^^ ^^ 

V. the other plane. 
Thus, if the angle between the planes was 90°, of one plane 60°, 
and the other 30° — since the natural sines of 90°, 60°, and 30° are 
I, .866, and .500 — if the body weighed 100 lbs., the pressure upon 
the plane of 30° would be 86.6 lbs., and upon the plane of 60°, 60 
lbs. = the centre of gravity being in the centre of the body. 

When the power does not act parallel to the plane, draw a line per- 
pendicular to the direction of the power's action from the end of 
the base line (at the back of the plane), and the intersection of this 
line on the length will determine the length and height of the plane. 

NoTK.— When th« line of direction of the power li panllel to the plane, the 
power is least 

The space which a body describes upon an inclined plane, when 
descending on the plane by the force of gravity, is to the space it 
would freely fall in the same time, as the height is to the length of 
the plane ; and the spaces being the same, the times will be in- 
versely in this proportion. 

EzAHPLK. — If a body be placed upon an inclined plane 300 feet 
long and 25 feet high, what space will it roll down in one second 
by the force of gravity alone 1 

As 300 : 25 : : *16.08 : 1.33 feet, Ans. 

If a body be projected down an inclined plane with a given velocity, 
then the distance which the body will be from the point of projec- 
tion in a given time will be /x»+-X 16.08/' ; but if the body be 

* Tbe distanee ft body will freely jfiiU in one second by the force of gravity. 

The force of an inclined plane bears the same proportion to the force of gravity 
as the height of the plane bears to its length ; that is, the force which accelerates 
a body down an inclined plane is that fractional part of the force of gravity which 
is represented by tbe height of tiie plane divided by its length. 

Let h represent the height of the plane, / its length, t the time in seconds, » the 
space which a body will move throngh In a given time, v the velocity, and «* the 

angle of inclination ^sin. iz=.~j» 

16.08 At« tv Iv* V* 

' =^ I ' "" 2"' " WTV «• 64.3 sin. f «' '^^ <Xl6.0e««. 

2* 32.16 *< ,64.3 A* . . _ . r-x-r- 

«= y, or — ^ — , or V— j — , or sin. »X32.16«, or ^^, tX64.3» 

2« to / U V f B 

*- • ' " 32.16 V ^ ^ 16.08 V ^ 32.16 Sin. i **' ^16.08 sin. i' 

r**'»*''-*=3s3rr^'i6:4t5'°'6£3;- . 

The accelerating force on the plane is to the accelerating fwce of gravl^ as «* 
lsto64.3x«. 

If sin. t = \y it shows that the length of the plane is twice its height, or ^ = 30^. 

If the proportion which the length of the plane bears to the height be given, aub* 
ititute these propitttions for the length nnd height in the above roles, and the ooo* 
elusions will be equally true. 
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projected uptoardy then the distance of the body from the point of 
projection will be tXv—jXlS.OSt^. 



WEDGE. 

Wken two Bodies are forced from orie ofnother^ in a direction ParaUel to 

the back of the Wedge, 

RuLc. — As the length of the wedge is to half its back, so is the 
resistance to the force. 

Example. — The length of the back of a double wedge is 6 inches, 
and the length of it through the middle 10 inches ; what is the pow- 
er necessary to separate a substance haying a resistance of 150 lbs. 1 

As 10 : 8 : : 150 : 45 lbs., Am. 

When ofdy one of the Bodies is Movable, 

Rule. — As the length of the wedge is to its back, so is the resist- 
ance to the power. 

Example. — What power, applied to the back of a wedge, will raise 
a weight of 15,000 lbs., the wedge being 6 inches deep, and 100 long 
on its base. 

As 100 : 6 : : 15000 : 900 lbs., Atu. 

Note. — As the power of the wedge in practice depends upon the split or rift la 
the wood to be tied, or in the body to be raised, the above rule* ore only theo- 
retical where a rift exists. 



SCREW. 

As the screw is an inclined plane wound round a cylinder, the 
length of the plane is found by adding the square of the circumfer- 
ence of the screw to the square of the distance between the threads, 
and taking the square root of the sum, and the height is the distance 
between the consecutive threads. 

Rule. — As the length of the inclined plane is to the pitch or 
height of it, so is the weight to the power. 

When a wheel or capstan is applied to turn the screw, the length 
of the letver is the radius of the circle described by the handle of the 
wheel or capstan bar. 

Let P represent power, 

R " length of lever, 
W " weight, 
/ " length of the inclined plane, 
p " pitch of screw or height of plane, 
X " effect of power at circumference of screw, 
r " radius of screw. 

M 



f; 



w 


:P, 


f 


.• P. 

' P* 


p 


rW. 


^ 


: X, 


r 


:R, 


X 


: P. 
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Tben, by the abore rules, 

As / : 9 : : 

/ :W: : 

W: I :: 

I :: 

W: : 

r : R : : 

P : X : : 

R : r : : 

Example. — What is the power requisite to raise a weight of 8000 
lbs. by a screw of 12 inches circumference and 1 inch pitch t 
ia«+l« = 145, and ^/146 = 12.04169. 
Then, 12.0416 : : 1 : : 8000 : 664.36 lbs., Ant. 
And if a lever of 30 inches length was added to the screw, , 

12-r8.1416=:8.819'T-«+30=81.9096, length of lever. 
Then, as 31.9095X2X3.1416 : 12.0416 : : aB4.36 : 89.9 lbs. Ans. 
Or, let C represent the circumference described by the power, 
and we have 

P:W::» :C, 
C: p ::W: P, 
PXC=:WX^; 

When a hollow screw revolves upon one of less diameter and 
pitch (as designed by Mr. Hunter), the effect is the same ns that of 
a single screw, in which the distance between the threads is equal 
to the difference of the distances between the threads of the two 
screws. 

If one screw has 20 threads in an inch pitch, and the other 21, the 
power is to the weight as the difference between ^ and ^, or -^ 
= I to 420. 

In a complex machine, composed of the screw, and wheel, and 
axle, the relation between the weight and power is thus : 

Let X represent the effect of the power on the wheel, 
R *< the radius of the wheel, 
p *^ the pitch of the screw, 
r " the radius of the axle, 
C ^' the circumference described by the power. 

Then, by the properties of the screw, 

VxO^xXpi 
and of the wheel and axle, 

xXR=Wxr. 
Hence we have 

PxCxxXR = xXpXWxr. 
Omitting the common multiplier, x, 

PxCxR = WXl»Xr; 
or P: W: :;»Xr : CxR, 
and;>Xr : CxR : : P : W. 



Example.— What weight can be raised with a power of 10 lbs. 
' applied to a crank 32 inches long, turning an endless screw of 3^ 
inches diameter and one inch pitch, applied to a wheel and aide of 
20 and 5 inches in diameter respectively t 

Circumference of 64 = 201. 

1 : 201 : : 10 : 2010. 

Radii of. wheel and axle, 10 and 2.6. 

26 : 10:: 2010 : 9040 VUB., Atm.y 

or 2.5X1 : 201 X 10 : : 10 : 8040. 

And when a series of wheels and axles act upon each other, the 
weight will be to the power as the continued product of the radii of 
the wheels to the continued product of the radii of the axles ; 

thus, W : P : : R» : r» ; 

or, r» : R» ; : P : W, 

there being three wheela and axles of the same proportion to each 
other. 

Example. — If an endless screw, with a piteh of half an inch, and 
a handle of 20 inches radius, be turned with a power of 150 lbs., 
and geared ta a toothed wheel, the pinion of which turns another 
wheel, and the pinion of the second wheel turns a third wheel, to 
the pinion or barrel of which is hung a weight, it is required to 
know what weight can be sustained in that position, the diameter 
of the wheds' being 18, and the pinions 2 inches 1 

pXr' : CxR'::P:W; 

or .6X1': 125.6X9» : : 160; 

which, when extended, gives 

.6 : 91562.4 : : 150 : 27468720 lbs., Aiu, 



PULLEY- 

When only one Cord or Rope is used. 

Rule. — Divide the weight to be raised by the number of parts of 
the rope engaged in supporting the lever or movable block. 

Example.— What power is required to raise 600 lbs. when the 
lower block contains six sheaves and the end of the rope is fasten- 
ed to the upper block, and what power when fastened to the lower 
block? 

fiOO 

= 50 lbs., 1st Ans. : : 



6X2 
600 



= 46.15 lbs., 2d ii9i«.; 



6x2+1 

orW = nxP, 
n signifying the number of parts of the rope which sustain the ^^ 
lower block. 
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When more than (me Rope is used. 

In a Spanish burton^ where there are two ropes, two moyeable pul- 
leys, and one fixed and one stationary pulley, with the ends of one 
rope fastened to the support and upper moveable pulley, and the ends 
of the other fastened to the lower block and the power, the weight 
is to the power as 5 to 1. 

And in one where the ends of one rope are fastened to the sop- 
port and the power, and the ends of the other to the lower and up- 
per blocks, the weight is to the power as 4 to 1. 

Jn a system ofpuUeys^ with any number ofropes^ the ends being faS" 
tened to the support, 

n expressing the number of ropes. 

EzAMPLK. — What weight will a power of 1 lb. sustain in a system 
of 4 movable pulleys and 4 repeal 

lX2x2X2X3=sl6 lbs, iifw. 

When fixed pulleys are used in the place of hooks, to attach the ends 
of the rope to the support, 

W = 3«XR 

EzAXPLB. — What weight will a power of 6 lbs. sustain with 4 
moveable and 4 fixed pulleys, and 4 ropes 1 

6X3X3X3X3 = 405 lbs., Ans, 

When the ends of the rope, or the fixed pulleys, are fastened to the 
weight, 

W=:(2«— 1)XP, 

andW=(3»— l)xP, 
which would give, in the above examples, 

1X2X2X2X2= 16—1= 15 lbs., 
5X3X3X3X3=405— 1=404 lbs. 
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CENTRES OF GRAVITY. 

The Cbntrb of Gratity of a body, or any system of bodies con- 
nected together, is the point about which, if suspended, all the parts 
are in equilibrio. 

If the centres of gravities of two bodies B C be connected by a 
Hne, the distances of B and C from the common centre of gravily 
A will be as the weights of the bodies ; 

thua,B:C: :0A: AR 

SURFACES. 

1. Thjlnd the Centre ef QravH/if of<$ CircuUvr Arc, 

Radius of circle X chord of arc ,. ^ - ,. ^ .^. 

— rr-r = distance from the centre of th6 

length of the arc 

circle. 

% Of a ParaUelogramy Rhombus^ Rhomboid, Ciriie, EHHpse^ Regular 

Polygon f or Jjune. 

The geometrical centre of these figures is their centre of gravity. 

3. Cfa Triangle. 

On a line drawn fhmi any angle to the middle of the opposite side, 
at } of the distance itom th« angle. 

4. Of a lYapeziwm. 

Draw the two diagonals, and find the centres of gravity of each 
of the four triangles thus formed ; join each opposite pair of these 
centres, and the intersection of the two lines wUl be the centre of 
gravity of the figure. 

b.Ofa Trapezoid, 
On a line a, joining the middle points of the two parallel sides 

B *, the distance from B = |x (-|t^. 

6. Cfa Sector of a Cirek, 

2 y chord of arc x radius of circle ,. ^ - .. . ^ 
r — ; nr-7 =s: distance from the centre of 

3 X length of arc 

the circle. 

l.Ofa Semicirde* 

4 X radius of circle ,. 

^- = distance from centre. 

S.Ofa Segment of a Circle. 

Chord of the segment * ,. ^ - ^. ^ 

--_ -— ? — = distance from the centre. 

12 X area of segment 

9. Of a Parabola. 

Distance from the vertex, | of the abscissa. 

M2 
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10. Of amiif Plaiu Figuire, 

Divide it into triangles, and find the centre of fin^vity of each ; 
connect two centres together, and find their common centre ; then 
connect tliis and the centre of a third, and find the common centre 
of these, and so on, always connecting the last found common cen- 
tre to another centre till the whole are included, and the last com- 
mon centre will be that which is required. 

11. Cfa Cylinder^ Qme^ FVustum of a Coney Pyramidf F^rushtm of a 

Pyramid^ or VhgvJUt, 

The centre of gravity is at the same distance from the base as 
that of the parallelogram, triangle, or trapezoid, which is a right 
section of either of the abore figures. 

13. Of a Sphere, SpkeriaU Segmentf or Zone, 
At the middle of their height. 

SOLIDS. 

I, Of a Sphere, CyUnder, Oube^ Regular Polygon, Spheroid, EUipsoid, 

CyUndricid Ring, or any Spindle. 

The geometrical centre of these figures is their centre of gravity. 

2. Of a Right Ungtda, Prism^ or Wedge. 
At the middle of the line joining the centres of the two ends. 

3. Of a Prismoidj or Ungvla. 

At the same distance from the base as that of the trapezoid or 
triangle, which is a right section of them. 

4. Cfa Pyramid, or Cone. 

Distance from the base, \ of the line joining the vertex and cen- 
tre of gravity of the base. 

5. Of a Frusbwm of a Cone, or Pyramid. 
Distance from the centre of the smaller end, 

== i height x ^^^J^,^^^ ; 

R and r radii of the greater and leds ends in a cone, and the sides 
of a pyramid. 

^.Ofa Paraboloid. 

Distance from the vertex, f of the abscissa. 

7. Of a Prustum of a Paraboloid. 

Distance on the abscissa from the centre of the less end, 

2R'-f-r* 
i h p , -, h being the height. 

8. Of a Spherical Segment. 
Distance fh>m the centre, 

^ ^"T"/ , V being the versed sine, « the solid conteato of the 

s 
segment, and r the radius of the sphere. 
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9. Of a SSfkeriad StOar. 
Distance from the centre, | (r — }. 

8 

10. Of any System of Bodies, 

Distance from a given plane, 

BDh-B'D'+B"D"+, &c. ^ 
= 5 — p/. p„ . i B being the solid contents or weights, 

and D the distances of their respective centres of gravity from the 
given plane. 



GRAVITATION. 



In bodies descending freely by their own weight, the velocities 
are as the times, and the spaces as the square of the times. 
The times, then, will be 1, 2, 3, 4, &c. ; 
The velocities, then, will be 1, 2, 3, 4, <Scc. ; 
The spaces passed through as 1, 4, 9, 16, &c. ; 
And the spaces for each time as I, 3, 5, 7, 9, &c. 
A body falling freely will descend through 16.0833 feet m the first 
second of time, and will then have acquired a velocity which will 
carry it through 32.166 feet in the next second. 



Table exhtbUing the ReloHon of Time^ Space, and VelocUtes. 



ItfttMB 
UKbaCID' 

Biag or the 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 



Vebeltjr aoqaind »t 
tbe end of that time. 



32.166 
64.333 
96.5 
128.665 
160.832 
193. 
225.166 
257.333 
289.5 
321.666 
353.832 
386. 




apace fallen throosh 
in that time. 


Spacfli. 


16.08 


1 


64.33 


3 


144.75 


5 


257.33 


7 


402.08 


9 


579. 


11 


788.08 


13 


1029.33 


15 


1302.76 


17 


1608.. 33 


19 


1946.08 


21 


2316. 


23 



space bllca 
tbrouffb in the 
last ncnndol the 
fall. 

16.08 
48.25 
80.41 
112.58 
144.75 
176.91 
209.08 
241.25 
273.42 
305.58 
337.75 
369.92 



and in the same manner tbe table might be continued to any extent. 

To find the Velocity a Falling Body will acquire in any Given 

Time. 

RuLB. — Multiply the time in seconds by 32.166, and it will give 
the velocity acquired in feet per second. 

Example.— Required the velocity in 12 seconds. 

12x32.166 = 386 feet, Ane, 
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To find the Time wkiek a Body wiU he infeUing ihrough a Gwen 

Space, 

Rule. — Divide the space in feet by 16.063, and the square root of 
the quotient will gire the required time in seconds. 

ExAMPLB.— How long will a body be in falling through 403.08 feet 
of space! 

V40S.08-rl6.083 = 6, Ans, 

To find the Space ihrough which a Body toUlfdU m awy Given 

Time. 

RuLB. — Multiply the square of the time in seconds by 16.088, and 
it will give the space in feet. 

EiAMPLB. — Required the space fallen through in 6 seconds. 
5« = 25rx 16.083 = 462.08 feet, Ane. 

To find the Velocity a Body wUl acquire by failing from any 

Given Height, 

Rule.— Multiply the space in feet by 64.333, and the square root 
of the product will be the velocity acquired in feet per second. 

Example. — Required the velocity a ball has acquired in descend- 
ing through ^79 feet. 

V^579 X 64. 333 = 193 feet, Ane. 
Or, when the time ie given, multiply the time in seconds by 32.166. 
Thus, the time for 679 feet is 6 seconds; then, 6x32.166 = 
192 996, Ans. 

To find the Space fallen through^ the Velocity being given. 

Rule. — Divide the velocity by 8.02, and the square of the qootient 
will be the distance fallen through to acquire that Telocity. 

Example. — If the velocity of a cannon bail is 579 feet per second, 
firom what height roust a body fall to acquire the same velocity 1 
" 679-i-8.02 = 72.2» = 6212.84 feel. Ant. 

To find the IVmtf, the Velocity per Second being given, 

RvLB. — Divide the giyen velocity by 32.166, and the quotient is 
the answer. 

Example.— How long must a bullet be falling to acquire a velo* 
city of 800 feet per second 1 

800-f 32. 166 = 24. 87 seconds, Ane. 

Let s represent the space described by any falling body, t the time, 
and V the velocity acquired in feet. 

Then t == 16.08 /*, or --, or ---. 

' = ^l^'^^3n6'^^7- 

2# 

« = 2^16.08 •, or 32.16 f, or —. 

The distance fallen through in feet is very nearly equal to the equere 
'^f the tittu in fourths of a second. 
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ExAMPLB. — A ballet beings dropped iiroin the spire of a church, was 
4 seconds in reaching the ground; what was the height 1 

4X4X16 = 256 feet, Arts. 

Example. — ^What is the depth of a well, a bullet being 2 seconds 
in reaching the bottom 1 

2x4x8 = 64 feet, Aru. 
Or, more correctly, as in case 2, 

4X4X16.0833 ==257 33 feet, 
and 2X2X16.0833= 64.33 feet. 

By Inversion. 
In what time will a bullet fall through 256 feet 1 

V^256 = 16, and 16-f-4 = 4 seconds, An*, 
Atcending bodies are retarded in the same ratio that descending bodies 
ore accelerated. 

To find the Space moved through by a Body projected upward or 

downward with a Given Velocity, 

Jf projected downward. 

Rule.— Multiply the square of the time in seconds by 16.083, the 
velocity of the projection in feet by the number of seconds the body 
is in motion, and the sum of these products is the answer. 

If projected vpward. 

Then the difference of the above products will give the distance 
of the body from the point of projection. 

Or, /X«±16.083X<*. 

Example. — If a shot discharged from a gun return to the earth in 
13 seconds, how high did it ascend ! 

The shot is half the time in ascending^ ^ 

. 12-r« = 6, and 6 « x 16.08* = 579 feet, Ans. 

Or, 6« X 16.083— 192.96x6. 

Example. — If a body be projected upward with a velocity of 80 
feet per second, through what space will it ascend before it begins 
to return 1 

30*-r64.3= 13.9 feet, Ans. 

Example. — If a body be projected upward with a velocity of 10(V 
feet per second, it is required to find the place of the body at the 
end of 10 seconds. 

100x10 = 1000, the space if gravity did not act, and 16.083 X10< 
= 1608.3, the loss arising from gravity. 

Henbe 1000->1608.3 = 608.3 feet below the point of projection. 

To find the Velocity of a Falling Stream of Water per Secona 
(the perpendicular distance being given) at the End of any 
Given Time. 

NoTB.— If two badies begin to descend from rest, and fraas the same point, the 
one on an inclined plane, and the other falUnf freely, their velocities at all equal 
beiffhts below the surface will be equaU 

The space through which a body will descend on an iuclined plane Is to the 
apace through which it would fall freely in the same time as the height of the 
naae to lt> length. 

If a body descend hi a curve, it sufiezs no loss of velocity. 
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ExAMPLB.— One end of a sluice is 90 inches lower than the other, 
what is the Telocity of the stream per second ? 

By case 4, 30 inches =2.6 feet, X 64.88= 160.82, and v^ 160.82 
= 12.66 feet, Ans. 

What is the distance a stream of water w&l descend on an indir 
ned plane 10 feet high, and 100 feet long at the hase, in 6 seconds? 
6'' X 16.083 = 402.08, and 100 : 10 - : 402.08 : 40.20 feet. Ant, 

T*he mameTUum vnth tokich a falling body strikeM is equal to iu weight 
multiplied by iu velocity. 

If a weight of 4600 lbs. fall through 10 feet, with what force does 
it strike 1 . 

^16x64.33=25.35x4500=1 14076 lbs.,ilnj. 

If a stream of salt water, running at the rate of 6 feet per second, 
strike a dam 16 hy 4 feet, what is the pressure of the stream ? 

RoLB.—- Multiply the height of the fall hy the weight of the floid, 
and the product by the area of the resisting body. 

By case 5, 6-^•8=.626*=.390626, the height of the fall of the 
water, x64 lbs., the weight per cubic foot, =25 lbs. X(1&X4)60 
^=1500 pounds, Ans, 

NoT>.— l/Vater hiiag % jieldiaf tabalance, an aUowioioe Ibr lott of povrerdMndd 
bemad*. 
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1. Suppose a bullet to be 1 minnte in falling, how far will it fiUl 
in the last second 1 • 

Space fallen' tbnmgh equal tfaescfuare of the time ; then I minute 
=60 seconds. 

60' X 16.083=67898 distance for 60 seconds^ 
69* X 16.083 =55984 " " 59 " 

1914 " " 1 " Ana. 

2. Find the time of generating a Tdocity of 193 feet per second, 
and the whole space d^ended. 

1934-32.166= 6 seconds, ) .^ 
6« X 16.083=679 feet, f ^"'* 

T*he velocity acquired at any period ia equai to twice the mean velocity 
durifkg that period. 

8. Then, if a hall fall through 2316 feet in 12 seconds, with what 
Telocity will it strike! 

23164-12 s= 193X2 = 386 feet» Ant, 



SPECIFIC GRAVITIES* 143 



GRAVITIES OF BODIES. 

Thb gravity of a body, or its weight above the earth's sarface, 
decreases as the square of its distance from the earth's centre in 
semi-diameters of the earth. 

Example. — If a body weigh 900 lbs. at the surface of the earth, 
what will it weigh 2000 miles above the surface ? 
The earth^s semi-diameter is 3993 miles (say 4000). 

Then 2000+4000=6000 or U semi-diametem, 
. and 900-T- 1.5*= 400 lbs., Ant. 
Inversely, if a body weigh 400 lbs- at 2000 miles from the earth s 
surface, what will it weigh at the surface ? 

400xl.6«=r9001b8., Ant. 

Example. — A body at the earth's surface weighs 360 lbs. ; how 
high must it be elevated to weigh 40 lbs. 1 

^360-r40=3, or 3 semi- diameters from the earth's surface, Ant. 

Example. — At what height must 4i body ibe raised to lose half its 
weight 1 

V'4000*X2=5656— 4000=1656 miles, Ant. 

If the diametert of two gUAet be equal And their dentitiet differeiU^ 
the weight of a body on their turfacet will be at their dentitiet. 

If their dentitiet be eqttal and their diametert different, the weight of 
them will be at their diametert. 

If the diametert and dentitiet are both different, the weight will be at 
their productt. 

Example. — If a body weigh 10 lbs. at the surface of the earth, 
what will it weigh at the surface of the sun 1 their densities being 
992 and 1 00, and their diam eters 8000 and 883000 miles. 

883000X 100 X 10*^000 X 392=281.6 lbs.. Ant. 
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The specific gravity of a body is the proportion it bears to the 
weight of another body of known density, and water is well adapt- 
ed for the standard ; and as a cubic foot of it weighs 1000 ounces 
avoirdupois, its weight is taken as the unit, viz., KKK). 

To find the Specific Gravity of a Body heavier than Water- 

Rule. — Weigh it both in and out of water, and take the differ- 
ence ; then, as the weight lost in water is to the whole weight, so 
is 1000 to the specific gravity of the body. 

Example. — What is the specific gravity of a stone which weighs 
15 lbs., but in water onlv 10 lbs. 1 

15--14>=5.' 6 : 15 : : 1000 : 3000, Ant. 

When the Body is lighter than Water. 
Rule.— Annex to it a piece of metal or stone, weigh the piece 
addcMl and the compound mass separately, both in and out of wate- 



144 SPECIFIC GRAVITIES. 

find how mnch each losds in water by subtracting its weight in 
water from its weight in air, and subtract the less of these differ- 
ences from the greater ; then, 

As the last remainder is to the weight of the light body in air, so 
is 1000 to the specific gravity of the body. 

ExAMPLK. — What is the specific gravity of a piece of wood that 
weighs 20 lbs. in air ; annexed to it is a piece of metal that weighs 
24 lbs. in air and 21 lbs. in water, and the two pieces in water 
weigh 8 lbs. 1 

30+24—8=36 
24—21 =_3^ 

33 : 20 : : 1000 : 606, Ans. 

OfaFlmd, 

Rule. — Take a body of known specific gravity, weigh it in and 
out of the fluid ; then, as the weight of the body is to the loss of 
weight, so is the specific gravity of the body to that of the fluid. 

EzAMPLB. — What is the specific gravity of a fluid in which a piece 
of copper («. ^.=9000) weighs 70 lbs. in, and 80 lbs. out of it 1 

80 :,80— 70 : : 9000 : 1125, Ana. 

To find the Proportions of two Ingredients in a Compound^ or tO 

discover AdtUteraiion in Metals. 

KuLB. — ^Take the difl!erences of each specific gravity of the ingre- 
dients and the specific gravity of the compound, then multiply the 
gravity of the one by the difi^erence of the other ; and, as the sum 
of the products is to the respective products, so is the specific grav- 
ity of the body to the proportions of the ingredients. 

Example.— A body compounded of gold (*. |'.=18.888) and silver 
(«. g. =10.635) has a specific gravity of 14 ; what is the proportion 
of each quantity of metal 1 

18.888 -14=4.888 X 10.535=61 .496 
14.— 10.536=3.465 X 18 888=65.447 

65.447+61.496 : 65.447 : : 14 : 7.835 gold, > . 

65.447+61.495 : 51.495 : : 14 : 6.166 silver, f '^'*** 

Proof of Spiril/uous lAquors. 

A cubic inch of proof spirits weighs 234 grains ; then, if an inch 
cube of any heavy body weigh 234 grains less in spirits than air, it 
shows that the spirit in which it was weighed is proof. 

If it lose less of its weight, the spirit is above proof; and if it lose 
more, it is below proof. 



The magnitude of a body in cubic feet multiplied by its specific 
gravity, in the following table, gives its weight in avoirdupois 
ounces. 
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SOLIDS. 



Biridt (Ite SpecUe OntWf by M, 
-aad the quotient it the weight 
of a Cobic Foot in pouadi. 



Onviij 



MlTikLS. 

Antimony 

Arsenic 

Bismuth 

Brats', comihon ..... ..^^. . 

BiOBze, gan metal-. •«-....« 

Copper, cast .••••. ». 

wire-drawB 

Gold, pure, cast ••••••<•—• 

liauiniered.« • • 
Itt carats fine « 
JM) carats fine • 

IroB, east ....» 

hM§ T 

licad, cast .....J. 

Mercury, 390 ••••«• 

WO 

Platf nam, rolled ......... 

hammered. • * . . 

Silver, pure, -cast. »>• >'>•'• 

hammered •• 

Steel, soft »r 

tempered an4 haidened 

Tin, Cornish •■... 

Zinc, cast 

Woods (Dry). 



ti^iut ^*^^- *^ ^ quotieot i» the weight 



6.712 

5.7ro 

9.823 

7v820 

8.7001 

8.788 

8.878 

19.258 

19.361 

17.486 

115.709 

7.207 

7.788 

11.352 

13.508 

[13.580 

224)69 

20.337 

10.474 

10.511 

7.833 

7.816 

7.291 

6.861 



Apple 

AUtor 

Ash. 

Beech 

Box, Dutch ■ 

, French 

Brasdltan 

Campeaehy 

Cherry 

Cocoa 

Cork 

Cypress. 

Ebony, Amwican. . 

Elder 

Elm 

Fir, yellow 

white 

Haemetac. •«...... 

L^am vite....*.. 

Live Oak «b 

LMWood 

Mahogany. •....*•. 

Maple 

Mulberry 

Oak,£i^)iah 

heart, 60 ywrtf 

Orhnge 

Pine, yellow 

white • 

Poplar 

white 

Pear 

Plum 

(Sttiince 

SMsafras.... 



.•>..'• •«■•».. • 



.793 

.800 

.845 

.882 

.912 

1.398 

1.031 

.91$ 

.715 

1.040 

.340 

.644 

1.331 

.605 

.671 

.657 

.569 

.502 

1.333 

•1.190 

.913 

1.06»| 

.750 

.897 

' .932 

1.170 

.706 

.660 

JS54 

.383 

'.529 

.661 

.785 

.705 



bklB. 



Us. 
.244 
.308 
J55 



of a, Cubic Ftot in pcHUMli. 



.315 
.317 
380 

.697 
.700 

.633 

luia 
.aeo 

.260 

.281 

.410 

.498 

,.4»1 

.796 

.736 

.370 

.381 

iS83 

.263 
.348 



.039 
.039 
.031 
.031 
.033 
.048 
.037 
.033 
.036 
.037 
.009 
.023 
.048 
^035 
.024 
.023 
.021 
.021 
.048 
.040 
.033 
.038 
.037 
.032 



.025 
.024 
.090 
.014 
J019 
.034 



.025 
a0]7 



Walnut. 

?rillow , 
ew, Dutch... 
Spanish- 



*,WM'seaMud Jim^ 1830. 

Ash. «. 

Beech 

Cherry ..^.. 

Oypress « 

aiekory, rod...... ., 
ahogany, SL Domingo •. 

White Ooki upland 

James River. 
Flne^ yellofw..... 



Sroiris AUD Eaktss. 
;^lab«ster, white ..«•••. 

yellow 

Amber*. "xi 

Asbestos, starry. ... .... 

Borax 

Brick 

dialk 

Charcoal 

trttnnted.-....-. 
Clay 

common soil ...... 

Coral, red 

Coal, bitmninous ....... 

Newcastle «. 

Scotch 

Maryland 

Anthracite »• 

Diamond 

Earth, loose 

Emery-...* 

Flint, black 

white 

Glass, flint 

white 

bottle 

green ..i..<i •»....«. 

Granite, Scotch . .-* 

Susquehanna* > • 

duincy 

Patapsco 

Grindstone •>• . .•'•...4««» 
Gypsum, opaque- .•••«... 

Hone, white, razor 

Ivory 

Limestone, green 

white 

Lime, quick 

Manganese 

Marble, African.. 

Egyptian 

Parian 



Sped Ac 
Gnrity 



1 



Weight 
bieln. 



.671 
.585 

.788 
.807 



.733 
J634 
.606 
.441 
J838 
.720 
.687 
.759 
..541 
.473 
.587 



9.730 
2.609 
1.078 
3.073 
1.714 
1.900 
3.784 

.441 
1.380 
1.930 
1.984 
2.7001 
1.970 
IM 
iMtf 
1.355 
1.436 
1.640 
3.531 
1.500 
4.000 
3.583 
3.594 
3.933 
3.893 
&783 
3.643 
3.665 
2.704 
2.652 
3.640 
9.143 
3.168 
3.876 
1.832 
3.180 
3.156 

.804 
7.000 
3.708 
3.068 
3.838 



Lb: 
.034 
.031 
.038 



.033 
.083 
.016 
.030 
.036 
.085 
JOSl 
.030 
.017 
.081 



.099 

.111 

.063 
.069 
.100 
,01& 
.050 
,070 
.071 
.098 
.046 
.046 
.047 
.049 
.052 
.050 
,137 
.054 
.144 
.094 
.094 
.099 
.096 
.099 
.096 
.095 
.098 
.007 
Md 
.077 
.077 
.104 
.066 
.115 
.114 
.039 
.353 
.098 
.007 
.109 
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sfnsfie; njLnnMm^ 



TjJiLi^HCIiAllMied). 



DIM* He fpociflb fliwftj kp M^ 

•Ml the quotMDl i» tba weifiU 
of k Cable Foot jb pouniki 



Sped: 



Btombs and Earths. 
IfubleiCoaunon..... 

Freachi 

white ItaliaB><**>» 

Mioa^ 

Millstone 

Nitre ..*. 

Porbelttiii, China x*^ «■»••• 

Pearl, Oriental ••.^•.■ 

Pliosphonisi •«'.'..«..•.. 

Pumite Stone •» <^.-.% 

Paving Std«e 

Porphyry, red** •• b«i«»<*«kt 

Rotten Stone..* ..••« 

Baltrcommw <•• 

Saltpetre 

Sand ...t 

Shale 

Slate 

Stone, Bristol. -p^.w^b.^.^.: 
coiDlnon ^•. .•.••••.> 
Sulphur, natlvei 



jFitjr 



3.696 
S.M9 
2l708 

3.484 
1M» 



2.650 



.1.770 . .06& 



l»taik« «4*€«Mc root ^B poiuMi*. I»»v'>r 



X6«, 
iwOKT 
.006 
.OBSi 
.100 
i»0 



i 



2.385. U«ft 



jm 



.915 
3416^ 
9L76& 

,Ji.0Bl< 
8.130 
3^660 
1.800 
&600 
2.67S 

^iSlO 



• ••'#•••«»»••• 



J&033 
S.900. 



.033 

.086 

JOOO 

j071 

.077 

.076- 

.065 

jm 

.097 
.OBi 



S^fi^.001 



.».•«•#« m ••#. 



Jlll|ICBl.L4M>OUS. 

iii|A)«itom ;.;•• 

Seeswaxi ... «■>.#«««• < 

Oamphorv .«. 

Ih<KB.rublieri.*. 
-l|a^flCBeef > *. . .«««*«. ^ «*[; 

Hogi.- 

Mtattott. 

XlaiMioge .^..m., 

iQuBperwdeTfleoee • .m • . « . „ 
■hiikcnr«..«. 

kplid..... .. I 



•fai 
biclo* 




«6lt^ 



•««•»«.'. 



• nr. 



Acid, Acelio. 

Ni trie... w. ".■..... 

Sulphuric......... 

Muriatic ........ .^ 

Alcohol, pura. . . .'. •'. ...,• 

qf cpmmei^v 
Cther, sttlphttrib-'.'. .'.. . 

Honey 

Human blood- . . /. . V. . . 

■Oil, Linseed.. 



>..,*<^>.^ 



•V 



.075 

.105 ('.^^''^I^*''^ ^ ^ * *** '** 

ftpocifie 



.905 

1.650 

.965 

.94^ 

. .933 

i .936 
, .923 

,1;S32 
•J900 
I.0OOJ 
1.550 

M-sop 

1.452 
1.609 

.947 
1.074 

.943 
1.606 

.941 



Us. 
.Q33r 
.060 
.035 



una. 

.033 

jsm' 

.033 

.044 
.033 

jQ3ft: 

OKA 

.051 

.037 

J034r 

.038 

.094/ 

.058 

jOMr 



(Q»I,6Tive v........ 

Essential, tarpenfine.'. 
Whale..............'. 

proof Spirit •'.*. '. '. . 

r^^nej^r ,..-... .'.'.'. ,..'... 
Water, distJlM •..•.■.•.•.•.*.*. 

tea. 

Dead Sea... '....- 

Wine.. •:- ..'.... 

Pbrt 

I ' Champagne .'....'• 



specific 
finvity 

IS 
.870^ 
.92? 
.925 

1.06© 

um 

1.02ft. 
1.24a 

.997 
.997 



ELASTIC. I^I.U1J)& 



v>. 



fl cable foot' of Atmospheric air 
weighs 527.04 toay. grains. 

Its aasumed gravity . of . 1. la ■ the 
unit.forelastic .fluids.. . 

AnMionlacoLgfis .•••..... k .*• 4 . . 

Azote »>.»! 

Carbonic acid ■......«. 

Carburetted hydrogen. > . • 

Chlorine.. .*••.. .-.f*^ .. » . 

Chloro-earbonic . ^ , . . . ....... 




h|WC 

Gb«t 



Bydrogcn t..«.f>M««.. 

Oxygen..... .......,..*. 

Sulphuretted hy.dcogeit» « ••«..< 
LOOOf *3team/^120... »'•../ j.,f,f, 4 ,«. 

Nitrogeai ,,,,. -.,.,,^.,. 

Vapour of Alcoliol .,.,.../*.. m 
** of Turpentinaspirita-.' 
" of Water... .,-.^...... 

Smoke of bltumlnaoa Ootilf . • * • 
** of Wood...... .......... 



ntfi 



.070? 
1.10«, 
1.777. 

490 

1.61» 

5J013^ 

.6B9( 
.102 



' 'tf Wei^^t of a cubic foot, 858.3 gnSm. 
f eqoal .07599U Ibf. avoirdupoli. 

APPLICATION OF TRB ABOVeI 

■ - When the Weight of a Bod^ is required, 

"Rgxjr. — Find the<)ontents of the body in €ubio feet or inches, and 
•nokiply it by the factor in. the table. 



WEOli^IC 0BJyLim9(£». 



U7 



£xAHPLE. — What is the weight of a cube of Italian marble, the 
aides being 3 f^et !, 

Or, of a 2 inch sphere -ef east -iioii, 42' x<^36x.260 weight of a 
cubic inch =1.089 lbs., Ans. 

« • . .• 

. .C^n^uiftive Wdgh^ af Tmbtr.ina Green and Reasoned SlaM. 



I t. . ■ I I ■ I I ■ < 



1 Wfl^,«rii<ciiWc fdft 



J^nglish Oak. 
Cedar 

Riga Fir . 
American Fir 
Elm . 
Beech 
Ash; . ; 



) 



CiiiM9< 



lbs. OS. 

71.10 

82. 

49.12 

44.12 

66. 8 

60. 

68. 3 






lbs. OS. 
43. 8 

is. 4 

35. 8 
30.11 
37. 5 
53. 6 

•6o: 



Korfc^TKe Kvkn%e wd^t 6f It^ liniber materials in a vessel of w«r (Snglfsh) 
li. tkout 50 lbs. to the ctibfklQ^ Ati4 roi|!matt| i^tadlyalrds about 40 lbs.-'XMye*« JVt C. 

« * 

Crii^efi Mi? DiflmUer oja ffoMniia^^/itd'ithat Weight it will raise. 

JlttLS. — As 1- cubic Yqdt'is^toj the '^)ebiiic difference betw^een at- 
mospiheric air, and'the gas usec^ to mflatie the balloo^i.^o is the ca- 
pacity of the balloon to the weight it will raise. 

£xA¥PL^. — ^The diameter of «a baljoon is 26.6 feet, and the ^as 
'tised to inflate it is hydrogen ; frbat we^t wQl it raise! 

fo.gt.efair. "Gnlut 'ftp. fr. M hydr. 6ruf«. 

1.000 : 527.04 : : .070 : 36^9 \n. of i cubic fool Of hydrogen. 

Theii 1 : 527.04— 36.89 : : 26r.6»X.5236 : 48^02Jf3. grains, -r-7000 

.(grains in a lb.}, =690.04 Ibs^, ^ni. 

* ' 1 • • . . . 

Oiven pu Weight to' he raUedtoJi^ U^e DialMter of a BaUocn, 

^By invertion -of the preceding ^rule. "The weight to-be raised is 
>69D.041bs.j whati8(he1cliame«er1 

., 490.15 =2 (527.04—36,89) .: 1 : : iB^io4x7()00 '•: '9«B4.7B5 cubic 
ileet, -TT .5236, tlie Qube xootxif ibeiqu^ti^nt, is'26.6 feet, Ans. 



t ' 



k 



! •<• 



•I » 
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STtSHfiTO, O? HAT8BULS. 



1 



STRENGTH OF B|ATERIALS. 



{ ' 



•^^■»^— ^•^-»**" 



■ ^« iM 



■*T- 



COHESION. 

The power of coliesion is that force by which the fibres or parti- 
cles of a bod J resist separation, and it is therefore proportional to 
the namber^r^bres in the body, or to the area of its section. 

Table op ^hb Cohbsitb Fobcb or Metals, &c. 

I 

Wdghb or Force'nec^SMry to tear -asunder 1 Square Inehj iakAvoirdupoii 

pounds^ 

MsTALa. 



Copper, C4st . • 


S3500 


Lead, cast . 








880 


wire ,* . 


61300 


milled 








3330 


Gold, cost .... 


20000 


Platinum, wire 








53000 


wift . , ' . ■ , 


' 90800 


Bliver, cast . 

8teel,%)ft : 

razor . 


^ 






40000 


Iron, cast .... 


50000 








Moeoo 

150000 


wire . . '1 


l<»O00 


Tin, eftsfbfoek 








5000 


beftrbar « ,. %»; 


750Q0r 


2Uac,ca^ . 


. i 






3600 


inedhiin bar 


jr 


sh^et . 








16000 


inferior bak* . . . * 


' 


• 




Compositions. 


Gold 5, Copper 1 : ^ 1 ' 


50000 


Silver 5, Copper 1 


480OO 


Brass . . . v ' v 


46000 


»• 4,Ttol . . 


» . 


41000 


Copper 10, Tin 1 . 


32000 


Tin 10, Antimony 1 < 


1 . 


11000 


** 8* " I,. , ..; 


. 3600Q. 


." IftZincl . , 
" 10, Lead 1 . 


* t 


JS914 


" 4, " 1 . . . 


350(90 


> . 


0890 


c 


Wood's, 


Aih ..... 


16000 


Mahogany, Spanish . ' . ' 


190OO 


Be^ch . , . , » • 1 • 
B6x . . < . . : 


'^ 


Maple • . •. « 
' Oak, American wliite . 






10500 
11500 


Cedar , . . . . ..^/ . : 


' 11400 


English . . < 






10000 


Chestnut, sweet . 


10500 


seasoned , 








13G03 


Cypress .... 


6000 


Pitle, pitch I 








13000 


DealpObitstiwoa . M ..; ,: 


19400 


Norway. . 








13000 


Elm ....... 


13400 


Poplar . . '. 




', 




7000 


Fir, strongest ' . . ' . • 


«9Q0O ' 


lininee «' 








600O 


American 


8800 


Sycamore . 








13O0O 


Lance wood 


33000 


Teak, Java . 








14O0O 


Lignum viUB 


11800 


Walnut 








7800 


Locust 


30500 


WiUow 








13000 


Mahogany .... 


31000 


1 




Mn< 


StLL&MXOVS SUBSTAKCKS. 


Brick 


390 


Mortar, 20 years . 


53 


Glass plate .... 


9400 


Slate 


13000 


Hemp fibres glued tog ether 


92000 


Stone, fine grain . 


300 


Ivory 


16000 


Whalelxuie .... 


7609 


Marble 


9000 








1 





To find the Strength of Direct Cohesion, 

Rule. — Multiply area of transverse section in inches by th» 
weight given in the preceding tables, and the product is the strength 
^A lbs. 



«^liMCMl6 ^ ittA>rBtttA&8« 



4ft9 



)|:kitfMittm.^Iii a 6(|aaVe bur of ordihary wrouifhi iron, «lf 9 ihc^hes, 
what ia the reaistanoe t . ' ) 

;SX2X60000=^ 240000 Iba., 4n9. 

Alao, in a rod of cast steel k inch .diameter, area of ;^::^. 1963 K 
120000 = 23^56 lbs., Ant. 

The ahsdlute strength of materials, pttU044eBgthwi8e,4a in propor- 
tion to the aqaares of their diameters. 

'• ' ' r - - - J— ■■-■ . 



The lateral or Tn^nsv^rse Stfe(tflh . 

Of any beam, or bar of wood, &c., is in proportion to its breadth, 

multiplied by its depth squared, and in liki^ded beams as the cube 
. of (he side 6f a section. Or, one end being fixed, and the other pro- 

i^ting, is 4nviersel^ aa| the distance. of the weigill ftom tke 'section 
-acted upon, arid the strain upon any section is directly as the dis- 
vMnce of the weight ftom >that-«^tio«. .!. : 

The strength of a pnu^oliag t»iaili iRionly one teittfa of what: it 

would be if supported at both ends, and the weight iapffiiedin the 

middle. 

The stre;igU| of a projecting *beim i«>only one aixtiiidf one of the 
same length, fixed at both ends, and the weight applied in the mid- 
dle. 

• - .-■'/■ 

The strength of a beam to support a weight in the centre of it, 
^when >the ends rest merely npon two support compared to one, the 
c^ds being fixed, lia as ^ to 3. i . . 

Tables or the Tbanstebsb Stbbnoth or Tzubbb. 

• :2mERicAN. 
•■^OntlibM m Lengthf>and 1 ikcil S^mre^ ft^giU mspfendtttfitm &ne end. 



Matsrhlh 



f}.. 



t^' 



iv 



/White Oak 
ISiveiit Ctoatoat 

Yellow Pine 



l:m ,1 White Pine 
I Ash . . 
\Hiokoiy ,. 



I in I 



Bniking 
weirht 
iAlte. 



OrmlMt ' 




Weight 

* borne frith 
>fety. 



Vahufat 
Cenenl 



30 

30 
92 
25 
32 



Om ^ooi, in.Lesa^;ih^.and'ii Iruhes Square, 
/Vyhjte Pine. , , : . , \ 1087 f 1,6 \|. .800 | B2 



■C YMMDHn ^ One 'Feet ^ I^en^, 



White Phie; ft inches dianfeter 
While Pine, I inch diamefWi* . 



Brtuln^ 
weiAt 

IB Ml. 



.0, 



^^'iSlfi' 





"MO 
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9?rR£MGTH OF ^4JWil^l8. 



TaBLW of 7SIB TraN»V«RSK ST^lfltQTVL OW CaIT AND WB0U<Mi9 IsOlT. 

AMERICAN. 

Weight m$pended from one end, 

Cylikder. X>he Poet tn Lengthy and 3 Inches DiameCer. 



Afwac* al It npMiMatB with Qoa MiM. 


Bmkivc 
weight 


Weifht 
terse wHh 


gmenl 


*Cast Iron, cold blast 


12000 


8000 


300 



SauARE Bar. One Foot in Length by 2 Inches, 



WHV ^^^W^^99 



>**M>wAB»«aai^ 



inlM. 



6TO1 



Weight 
boraewitb 

•afetj, 



4000 



Value far 



490 



Cast Trow..o oM hto»t " . • . 

The values above given wefor iron of more' than ordmMy 
etrengtb; .if an inferiOF artiakE>i» to be used, a corresponding de- 
duction cdionld be made* ... 



S^VAiLit BiR. One Wo^ in Length liy 1 iH^. 



Wnrnght IioB. 



• "I 



jUuIU 



i».' ti ' t 



fWrought Iron 



Weight 
borne with 



1520 



DeflexioD 

from a faori' 

lontal plane 



ftribdk mlUfif r«ri(h*ut ntpi 
lure. 



63 



O; 



Weight that 
gave a per* 

• • bend. 



600 



DeflezioD 
in inchea 
witlllMt 
weight. 



ValM-«* 
ffeoeral 



900' 



« • \ 



MISpELLAXfEOUS. 

> < 

Ca^t Jroitf— Square..bar, side 2 inebes* length ,\% iocbes, supported 
{^t both ends, broke with 22728 lbs. applied ia the 
middle. 

Cylinder 3 inches diameter, length %\ inches, broko 

• with 17110 lbs* applied at one end. 

White Pin*, — Cylinder } ins. diameter, length l&uiehes, broke with 

68 lbs. applied at the end. . 

YeSUno Pine. — 1 ifich square, and 15 inches in length, broke with 

125 lbs. applied at the end. 

Hickory and White OoA;.— I inch square, and 12 inches in length, re- 
quired 82 lbs. to deflect them i an inch, 
the weight suspended from the end. 

The ahofU! and preceding experiments were made by the aMhor in Xfe* 
tember, 1840. 



I >■« ■,»; H i »i i« H \i I I |> ■ 



* From the West Point Foandiy Aasociation at Cold Spring, Putnam ooonty, N. T. 
Specific gravity, 7310. 

t From the Ulster Iron Company, Saugertles, N. T A fine specimen of ma* 
chtnery iron. 

This spedAien brolie with the greatest weight tere given, whett filed threngh i6t 
top to the <btpth of a 4 of an inch, and the fraotufe shqwied hut very Uttle fibrv* / 
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Mein RssitU of several ExperimerUs by EngUA AuOurrs on Cast Iran, 

Square bar, 1 inch by 32, resting upon two supports, broke with 
'840 lbs. snspendea itt themiddle. ' 

Square bar, of 1 inch, projecting 32 inches from a wall, brokewfth 
978 lbs. applied ; and one, 1^ inches deep by^ an inefa, required 543 lbs. 
tobf«akit. • i ... , N . 

Square bar, 1 inch by 32, the ends fixed in W^Us, required 1170 
lbs. suspended from the middle to break it. 

TO FI^^D THE TRANSVERSE STRENGTH. 

WUn a tiedangvlar Bar or Beam is Fiased at one Endj und Loaded at 
' theother, 

KuLB. — Multiply the Value in the preceding^iabde by the breadth, 
.and< square of the depth, in inches, and divide the product by the 
'length iiJL feet ; ..the quotient is ^e weight in pounds. 

NoTK.— When the beam is loaded uniformly throughout its length, the restdt 
must be doubled.' 

Example. — ^What are the weights a cast and a wrought iron bar, 
projecting 30 inches in length, by 2 inches square, will bear 1 

3 X 2« X 450—2.5 == 1440 lbs. » AnM, 
,,,^ .., ,. 2X2-X30p-r2.6== 9601bs., uln*. , 

Or, if the Dimensions of a B'pam be require^Ui support a Given, Weight 

at Us End. 

Rule. r — - — ttt— = Product of breadth, and square of the 

value m table :';•., ... 

depth. 

Example. — What is the depth of a wrought iron beam, 2 inches 

square, necessary to support 960 lbs. suspended at 30 inches from 

the fixed end 1 

960X2.5 „ j^.« M J *- ^ A 
V ' ■ "vqq ■■ . ■ ?»8!, and9^2?=%4^ and ^/A^=^% An9* •< 

When the Bar or Bea^ is Fixed at both Ends^ und Loaded in the 

Middle. • . .'•,.• 

Rule. — Multiply the Value in the prieceding tftbl^ hjy six timep the 
' Tireaidth.'arid the square of the depth, in inches^ and divide by the 
length in feet. 

NoTC— When the weight is laid uniformly along its length, the result must be 
. tripled. 

Example. — ^What weight will a bar of cast iron, 2 !t*ihes «qcifcre 
and 5 feet in length, support in the niiddle, when fixed at the ends i 

' 450X»x5}><«*->5i=^ 4390 lbs., ^4n*. 

Whm ths Bar er Beam w Supported at both Ends, and Loaded in the 
^' ^•- " Mddle. ■ ; 

RuLE.r-^Miiltii|ii3; the Value in ihe in;eeediag.Uble by the square < * 



^ 



' ii2 ^VBSNatS OF HATERIALB. 

•the-depib, and f6fk times the breadth, in inches, akid divide the 
;prodact by the length in feet. 

Note.— When the weight is laid uniformly aloof l|> lengthy the refuU rnxf^ -im 
•4onhle4. 

ExAMVLBf^-^Wbat BTB the weights a cast and a vnroqght iron b«r» 
60 inches between the supports, and 2 inches square, willi^i:t . 

460 xa* X^i-7-6:== 2800 lbs, ^n*. 
300X3' X2x4-r-fi = 1920 lbs., Aru, 

Ob, if Ike Dimensums be 'required to SUjjfpoH U l^tW Wei^U, 

_, ' Weight X length ' \ . r^- .. v .. j*.. 

Rule. r — . ^ ,.. gsprodttct of four tunes the breadth, 

value m table ' 

tthd ti(|uire of the depth. 

Example. —What is the side of a sqoare east iron beam ;'B feet in 
length, between supports, that will support 7200 lbs. In tlr6 centrerl 

^/: -r^ X I = 8, and ^8 = 2.828, Am. 

• » * 

When ike B/tddik trr Depthisnqtiired, 

Divide the product obtained by the preceding rules by the square 
of the depth, and you have the breadth; or by the breadth, and the 
square root of the qudtient is the depth. 

Example.— If 128 is the product, and the depth 8, 128-^8' s=3, 
4he breadth; 

And y/{ 128-7-2) ss 8, the depth. 



When ike %¥ei^ is 4iift 4% ike.Xiddk ietween (he Supports 

Distance from nearest end x weight 

.. ^hote,ej.gth ;= pressure upon support 

farthest from the weight. 

Viattinee frbm (hrthest end V 'weight ' 

: ^^^ ^^^^ -^=.pressnw upon suiu)oit 

nearest the weight. - 

Wken.a Beam, sru^ported at both Ends, bears two WeighJts at wMquol 
^ ■ lHstaaf4iesjKoni the Eniis, 

Let D = distance of greatest -weight from nearest end, 
d = distance of least weight from nearest end, 
W 9= greatest .weight, w == least weight, 
L '= whole length, / = length from least wei^t to thnnett 
end. 



•gntttest Weight fmm'finHicstrend. 
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Then — = \—T— = pressure at to end ; 

I . and — Y^. ^ — c — ^a pressure s^t Wend. 

* 'tti oylindi'ieal beams or bars, the lateral atrengthis as the cube o| 

the diameter. - 

The strength of a hollow cylinder fs to that of a solid cylinder, of 
the same length and quantity of matter, as the greater diameter «f 
'the former is to the diameter of the latter ; and the strength of hol- 
low cylinders of the same length, weight, and matetfal, is as their 
greatest diameters. 

Tojind the JHarneter ofq Solid Cylinder, Fixed at hqik En^^ to 
sug^prt a Qiven Weight in the Middle, 

RutB.—Multiply the length between the supports in feet by the 
"iireight in pounds; divide by the valae^ and the cube' root of one 
aixth of the quotient is the diameter in inehes. 

,ExAMPLE.— What should be the diameter for a cylinder 'i fe^ in 
' 'leiigth between the supports, to bear 20000 lbs. ? 



i* \ 



To find the Diameter of a Solid Cylinder, to support a Cftven 
. ■ Weight in the Middle, between the Supports. , 

Rule. — ^Multiply the weight in pounds by thie lerfgth in ffeet; "ii- 
vide by the- Tmlui, and the cabe root of 4 the qsotient is the diameter 
in inches. 

Example. — ^What is the diameter of a cast iron cylinder, 8 inches 

long between the supports, that will support 60000 lbs. suspended 

in the middle t . .: 

3,60000x.68-^300 ««, . 
V ■ — ■ = 3.21, Ans» 



..;• 



To find the Diameter of a Solid CyUnder when Fixed at one End, 

the Load applied at the other. 

Rule. — ^Multiply the length of the projection in feet by thewei^^t 
to be supported in pounds ; divjiie by the given Fo/ue, and the cS>e 
root of the quotient is the diameter. < 

>:£xAiivLB.'*^Wbat ahould be the diameter of a cast iron cylinder 
8 inches long, to support 15000 lbs. 1 .. 

8 inches is .66 feet, {/(fM00x.60*^300)=: 321 inches, Ana. 

Example.— What should be the* diameter for 270000 lbs., at 12 
.iticlies &onx the end 2 

' < 4i(aroooaxi-T*800).»:9.66,ui»i#. . .».. 



' <15l • jrrasavra op irxvBRxaus. 

To find the DiameUr qf a Seam or Solid Cylinder when the Load 
' is uniforrruy distributed over its Length. 

RuLS.-^Praoeed-atf if ttM load -w^s afiispeiided ktthe end or in the 
middle until the quotient is obtain^ ; then/' 

If for a tsy^adBT mith\om» itfnd:iix0il,:tiie m^. cpoit of halfrtbis 
quotient is the diameter ; 

•If 4be ends rest upon' two aopports, the eube root of half this ;quo- 
rtieat is the diameter ; 

And if the eads wee fixeid, Ihe oahe root of one third of this quo- 
tient is the 4iam9(er. 

The Constant Divisor of 300 is for iron of great strength ; wh^e 
an inferior article is to be used, it may be decreased to 250. 

^ Thus, 300 rdpreaenta a 'vreigHt of 91 00 lbs. upon fhe^md of a cyl- 
inder 3 inches in diatneter and 1' foot hi length, ^M 250 under the 
. aaoie oireumstances is equal to a weight of 6750 lbs. . 

000 lepreeepts aweigM of 4000 lbs. upon the end of a har 2 inches 
square and 1 foot in ioQgthi and AM i^pon theaame bar is equal io 
..a.wei^tofSSOOlhs. 

The strength of an equilateral tciangle, an e4ge upi coinpap^^to 
a square of the same area, is ^ .45 to 28. '° 



To ascertain the Relative Value of Materials to resist a Trans* 

ifersB Strain. - < 

Let y represent fhisiralae in abeam, %ar, dr l^itoder one foot 
, in iength a^d one inch aquare, side or in diameter. 

I. 'iH»i/imiOk»iMi, >Wei6ht(BHBpciiideAGframUi0inberv 
'2. Fixed at both ends. I^eight suspended 'ftttai'^e mf Alle. 

3. Supported at both ends. Weight suspended from the middle. 

. . . . .nv 

. ^"^iSd^ , ' ■• •• ■ ^ 

4. Supported at both ends. Weight suspended at any other point 
than the middle. 

6. Mxed at both en&s. 'Weilght suspended iit'flii3r^oHier:poiot' Ihan 
the middle. 

** •«•* W ^. 

'^libd^' 

W representing the weight, / the length, b the %freadCb, tf the dlepiii, 
m the distance Mm o&d end, and te the diatance irom the other. 
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From Which the vakie of any of the diraeBtkmamay beiAyuid) by 
thetioUowJagifonaultt ;. 



). 



2. 



». 



6. 



VW^ 



VW* 



A^t 



iwr 



/ 



W..-^^=5/.^ = i.. V^^iL 



2W 



In square: beamq, &e., b and <{-= ^-^ 






/ 



w 



AY 



In nquatebeama, &c., b and 4 = \^gir' 



i'Be[*T 



4M^ 



iw 



W 



111 sqnare beams, decf., A and- 4 =2 '^417 

In square beams, dec., b and rf=^ ^ . 

3^M«V „, 2m«W_ SwnW . .2mnW. 

-« •-gjjp^^A .V^J7-=^«•. 



.2mn 



W. 



Sfcd'^V- 



In square-beams, &c., J and rfi£='^'-~^r-4'' . f 

When the weight is liniforhily distributed; the same fbrmnlte' will 
•PrtXi ^ representing ohiy half th6 required or given weight. " 



>ik>^_<^aAaM 



Mean Results ofvari<ms Experiments dy EngUsk Aittkors. 



WOOPSi 



rized «t one end. 



Riga Fir (dry) . 
Riga Fir (wet) . . 
Yellow Pine (American)' . 
White Pkie (OaiiafliM> . 



InsflEl* 


[BN«)nki» 


.D»p«|4a: 


«wu.?. 


inches. 


inche«. 


60 


2 


2 


60 


2 


2 


60^ 


2> 


2 


60 


2 


2 



Bnnkiac 
rtif^ in lbs 

' I ! m\ 

162. 
17$. 



■Mm*** I 11 I ' 



80UD ANI> nOLIA9W CVLINJ>EftS«. 



Snppoft^ kt c^di M)d» 



Fir 

Ash 

Ash 



Lenj^th in 
■inches. 



48 
46 
46 



Diuneterex- 
'eraaJ Inim 



2 
2 

2 



Diamater Inter- 
Mai in,iacbM. 



.& 



1. 



Deflexion in 
inches. 

■ I IS I r < t 



2. 
3. 
3.6 



Bmkimr 
weight in mu 



■ ■ H' > » 



740 
664 
630 
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StHBKGTH OF MATEBUU3. 



Ckift IttON 4tf varioms ffigunSf Tumng egual J^ecUojutl.Jirm. 

DMcriptlonorbar. 



oTl 



Square 

" through the diagonal 

2 inches deep by ^ inch 

3 inches deep by ^ inch 

4 inche* deep by \ inch 

EquUaUrdl Triangles, 

Angle up 

Angle down . . 



Dktutee betwcM Mp- 
porto in inches. 



in Ilw. 




897 
851 

2185 
3588 
3979 



1437 
840 



Oak, in seasoning, loses at least f of its original weight, and tKis 
process is facilitated by steaming or boiling. 
It loses more by the fonppr process than the latter. 

By steaming, the specific gravity of a piece of 

oak was reduced from .... 1050 to 744 

By boiling, from 1084 to 788 

By exposure to the air, from .... 1080 to 928 



Weight in air of a cubic foot of 



White Pine, before seasoning . 

** " when seasoned . 
Pitch Pine, before seasoning . 

** ** when seasoned • 
Spruce .Spar, before seasoning . 

" " when seasoned . 

Stiffiiess of Oak to Cast Iron is as 
Strength of Oak to Cast Iron is as 

Mean Specific Gravity of Yellow Pine 

of Pitch Pine . 



Batt 
Oaneet. 

658 
549 
628 
540 

587 
541 



Top. 
Ottoeet. 

432 
416 
597 
529 
580 
554 

1 to Id 
1 to 4.5 



« 



tt 



558 

777 



DEFLEXION OF RECTANGULAR BEAMS. 

1. The deffexions of the same beam, resting on props at each 
end, and loaded in the middle with weights, are as those weights. 

2. The deflexion is inversely as the cube of the. depth ; also, the 
depth being the same, the deflexion is inversely as the breadth. 

§. The deflexion is directly as the cube of the length. 

Let I represent the length of a beam, b its 'bma&i^ d Its depth, 

and W the weight with which it is loaded ; then the deflexion wiih 

Z'W 
vary as ttt ; ^ind if the deflexion is represented by e, then, 

Oft 

When the Beam is Fixed at (me End, and Loaded at the other, 
-— = C, a constant quantity. 

37'W 
X^hea imifonnly loaded • 8Ms~^ ^* 



SntENGTH OF MATERIALS. 



157 



When Supported at both Eruis^ and Loaded in the Middle, 

= C. 



When unifonnly loaded 



ZZbd^e 
8^32 W?~ 



Hence it follows, that, to preserve the same stiffness in beams^ 
the depth must be increased in the same proportion as the length, 
the breadth remaining constant. 

The deflexion of different beams arising from their own weight, 
having their several dimensions proportional, will be as the square 
of either of their like linear dimensions. 

Of three equal and siniilar beams, one inclined upward, one in- 
clined downward at the same angle, and the other horizontal, it has 
been determined that that which had its angle upward was the 
weakest, the one which declined was the strongest, and the one 
horizontal was a mean between the two. . 

Barlow furnishes the following as some of the results obtained hy him upon the 
deflexion of beams : 

Ui. I Ddlezion in int. 

Fir 
Fir 
Fir 



6 feet 
8 " 
6 " 



2 inches 
2 " 



H inches 
2 " 



180 
.120 
180 



1. 



.10 



2. 



WROUGHT IRON. 

Supported at each end. The average of a number of experiments 
gave, for bars 33 inches in length, 1.9 inches broad, and 2 inches 
deep, a deflexion for every half ton of .024 inches. 

CAST IRON. 

Stmorfed at both ends. Bars 33 inches in length, 1.3 inches in 
breadth, and 0.65 inches deep, deflected 0,27 inches with 162 lbs. 
api^ied. ' ' 

Fir battens. Supported at each end, 15 inches in length, and 1 inch 
sqtiare, broke with a weight of 440 lbs. ; 80 inehes in length; and 1 
inch square, broke with 240 lbs. 

Oak battens. Supported at eadh tnA^ 2 feet lonf , 1^ inches deep, dnd 
I inch m breadth, deflected 1.1 ins., and supported 408 lbs. 

Ash battens. Fixed at one endl ^ ^'^^ long, 2-inches deep, and 1 inch 
in breadth, deflected 6 inches with a weight of 434 lbs. 

Fir battens. Fixed at one end, same dimensions as last piece, de- 
flected 3.9 ins. with 276 lbs. 

NoTB 1. — When a weight is uniformly distributed over the length of a beam, the 
deflexion will be three eighths of the deflexion from the same weight applied at the 
extremity. 

8. If the beam be a cylinder, the deflexion is 1.7 times that of a square beam, 
Other things being equal. 

3. If the load is uniformly distributed over the length, the deflexion will be fiv« 
eiglitha of the deflexion from the saoie lo^id collected in the middle. 

COHESION. 

In page 148, the results given in the table are those of ultimate 
resistance ; in practice, i of the weight ^heriB given will be sufficient 
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STRENGTH OF THE JOURNALS OF SHAFTS. 

Whenthe Weight is in tke Middle of the Shaft. 

Apply the rule under the bead of Strength of Matf^rialSi and $]»e 
result 13 the diameter of the journals in inches. 

Example. — What should be the diameter of the journals of asjb^jd 
IQk ^^eX long to support a wheel of 10,000 lbs. in the centre 1 

Ant, 4.43 ma. 

TO EB3IST TQR3I0»r. 

Waier Wkedt, 4-c. 

Rule .—Multiply pressure on the crank pin, or at the pitch fine 
of the pinion, by the length of the crank or radius of wheel in feet ; 
divide their product by 125, and the cube root of the quotient is the 
diameter of the journal in inches if of wrought Iron, if «96t irpn k 
to be used, add ^. 

Example.— "Wliat should be the diameter for the journal of a wa- 
ter-wheel shaft,' tlie pressure on the crank pin being .69|ft00 ItM?., 
and the crank 5ibet in lengtbl 

.,59400x5 _-^-. .^ . 
y — "I^H — = I^-® mches, Ana, 

£i;jMPt«.--Tbe proasvr^ oo » er-ajik pin is 1^3H§804b8., and ttie 
IfiDgtIi of crank 6 leet. 

Whem iioa She^mreu$ed, as i% Sktm, Vea$iis'iciihcm IBpgitm. 

r. ../diameter for one shaft 'xSn ,. ^ ... 
Rule. — ^{^ \ = diameter m m<niiBS« 

iExAXPi<K.-rf-Th» Wfem of the jouraiil of q single shaft is XIZ incb^fV,^ 
what should be the diameter if two shpfta .&n9 ))ss4.1 
' Biameter Ibr trea^f 118 ^1!^ iwiis^ 

^ ■■...■ ... = 10.9, Ans» 

Tl^ examples above given are instances in -successful practice ; 
where the diameter has been less, fracture has almost universally 
taken place, the ^tr^in being JAcrea^ed beyond the ordinary limit. 

Results of Experiments on Torsional Strain, 

Square bare, with a Journal 1 inch in diameter §nd h im^\ in 
length. 

Wrought Iron (Ulster Iron Co.), twisted with S28 lbs., and hroke 
with 570 lbs. applied at the end lof a lever 30 inches in length. 

Wrought Jro9 (Swedes), sam^ length of lever, twiet?d with .^7 
lbs., ana broke wMh 615 lbs. 



■ 

i 



BTBSNOTJr. OF THC JU>1}BS(AL0 dF SHAFTS. 
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Cast Iron (Foundry), journal 1 inch long, same length of leyer, 
broke with 436 4|i>s. 

The diameters for second and third movers are found by multi- 
plying the di9NDMl0r0'.aas6itatB6d ky tha abdve nUes by .8 and .793 
respectively. 

Meti in bis Afe^aiiicai' Calculator, fiyen the fbllowing rule ibr 
oast iron shafts : 

,,/ 94(rxitutoliier horses' power \ ,. . . . , 

i/( r r-r- "^--= — r-) = diameter m mohes* 

^ ^number revolutions per minute^' 

For wrought iron, multiply result by .963, for oak by 2.S38» and 
•<brpiheby2.06. 



I 
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1^ QUSGEOIVS AND 8HA7T8. 



GUDGEONS AND SHAFTS. 

To find the Dimensians of a Gudgeon, 

0.30^(^0 = ^i, 
v> representing the stress in 100 lbs., / the length in inches, and d the 
diameter in inches. 

If a Cylindrical Shaft hoA no piker lateral Mtress to sustain than its 
own toeightf and is Fixed ai one End, 

d=:i.000024^«. 

' Let the stress supposed to be in the middle be n times the weight 
of the shaft ; then, • - . 

When supported at both Ends, 

If the weight of the shaft be not taken i nto account, 

d = -y.OOOl^ n/«. 

If the weight of the shaft i s taken into ac count, 

d=:y.00012(n+l)i«. 

When a Hollow Shaft is supported at each End, 

d = y: — - — +D', w representing the stress in lbs., / the length 
in inches, D the interior diameter, and d the diameter in inches. 

When a Hollow Shaft is Fixed at each End, and Loaded in the 
Middle, 

^ 6 

For hollow Cylindrical Shafts, When Supported at one End, 

d=z^. 00048 wl+D\ 

If the hollow shaft support the weights at distances m and n from 
each end, and is supported at each end, 

d = y .00048^+D». 

The lait four fonnulas do not take into account tbe weight of the shaft 
The above is for Cast Iron. 

For Cylindrical Shafts of Cast Iron to resist Torsion, (Buchanan.) 
Let P be the number of horses* power, and R the revolutions of 
the shaft in a minute ; then 

3,240 P ___ 

For Wrought Iron, multiply this result by .963 ; for Oak, by 2.338 j 
for Pine^ by 2.06. 

If a shaft has to sustain both lateral stress and torsion, then, 
For cast iron, 

,,/240P wl\ . 
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TEETH QF WHEELS 
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.7^0 Construct q Teoih. 

Divide the pitch into 10 parts. Let 3.5 of these parts be below 
the pit6h Hne, anil 8*0 of them above^ 
The thickness should: be .47 of the pitch 
The length should be .65 of the pitch. . , 

Ithc piameler of a tsiuel is measured from tks pitch line^ 

The wood .used for teeth is about ^ the strength of cast iron, 
iherefore they should bb twice the depth to be of equal strength, 

To find the Diameter qfa WheSlidhe Pitch €ind Number of Teeth 

being, giveny 

titch X number of teeth .. , 

r—. — oTTTE- = diameter. , 

3.1414» '\ V 

Note.— The pitch, a» l^imA by <M« rttte, H th^ art-cf a circle; the true pitch 
fiequived is a. straight line, and must be measured from the centres of two contigu- 
<MU t6eth. 



To find the Pitch, the Diameter and Number of Teeth being 

given* 

Diffliiietcvx 3.1416 



number of teeth 



= pitch. 



To find the tladius. 
Pitch X number of teeth 



3a41$ 



~2 = radius. 



To find the Number of Teeth. 
2 X'l«dJiitx8.l4}t 



pitch 



= number of teeth. 



I 

J 



niuneter. 



FmC loa. 

10 

6 

7 10 
14 4 



Dimensions of Wheels in operation. 



Bnndth.. 



7. 
12. 
4.5 
8. 



fiielUi 

2.8 
4.2 
1.9 
3. 



-InclMfc 

1.625 
2.25 
1.125 
1.75 



Tbidnoior 

tMlll. 



1.3 
1.9 

.875 
1.4 



Velocity per 
•eoOBd* 



Feet. 

3. 
6.6 
1.1 
1.87 



FreMore. 



Lbt. 

11000 

20000 

3300 

0000 



162 VBLOGITT or WH&SL6. 

VELOCITF OF WHEELS. 

TuK rdatiye velooity of wheels Is as ttie ntimber of their teeth. 

To find the Velocity or Number of Turns of the last Wheel to one 

. of the first, 

RuLB.-— Divide the product of the teeth of the wheels that act as 
drivers hy the product of the driven, and the quotient is the numher. 

Example. — If a wheel of 32 teeth drive a pinion of 10, on the axis 
of which there is one of 30 teeth, acting on a pinion of 8, what is the 
number of turns of the last 1 

83 80 _ MO 



To find the Proportion that the Velocities of the Wheels tn a tram 

should bear to one another. 

Rule. — Subtract the less velocity from the greater, and divide the 
remainder by one less than the number of wheels in the train ; the 
quotient is the number, rising in arithmetical progression from the 
less to the greater velocity. 

Example. — What are the velocities of three wheels to produce 18 
revolutions per minute, the driver making 3 revolutions per minute 1 

18-3 = 16 „^ .^^ « ^^ ,^e 
—- = 7.5 ; then 3+7.5 = 10.6, 
o^— 1 — 2 

and 10.6+7.5=5 18 ; thus, 3, 10.6, and 18- are the velocities of the 
three wheels. 



To find the Number of Teeth required iri a Train of Wheels to 

produce a certain Velocity, 

Rule. — As the velocity required is to the number of teeth in the 
driver, so is the velocity of the driver to the nomber of teeth in the 
driven. 

Example.—- If the driver has 90 teeth, makes 3 revolutions, and 
the velocities required are 2, 10, and 18, what are the number of 
teeth in each of the other two t 

2d wheel, 10 : 90 : : 2 : 18 teeth. 
3d wheel, 18 : 90 : : 2 : 10 teeth. 
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STBENGTH OF WHEELS, 

Thb strength of the teeth of wheels is directly as their breadth 
and as the square of their thickness, and imaersefy as their length. 
The stress is as the pressure. 

To find the Thickness of a Tooth, the Stmin at the Pitch lAne 

being given, 

HoLB.-— Divide the pressure in pounds at the pitch line by 3000, 
and the square root of the quotient is the thickness a£ the tooth in 
inches. 

ExAMPLV.— The pressure is MOO lbs., what is the thickness of the 
tooth required 1 . 

"^3000 ~ ^'^^^ inches, Ans. 

The Breadth should he 2.5 tinus the piieh. 

Therefore, as (h^ thickness should be 0.47 of the pitch, the pitch 
for the above example will be -3.686 inches, and the breadth 3.686 
X2.6 = 9.2125 inches. 

To find the Horses* Power of a Tooth, the Dimensions and 

Velocity %eing given. 

Thickness • X 3600 t=z pressure. 

Pressure X velocity in feet per minute , 

'' 33000 ^. ^~ ^^"^ P^^^'^' 

Thickness X 2. 1277+ = the pitch. 
Thickness X 15384+ 1=3 the length. ". 

■ • • • . 

• ' ' ' 

To find the Dimensions of the Arms of a Wheel. 

* * » 

IluLB.— 'Multiply the power at the pitph.line by fhe cube of ihe 
loigth of the arms, aiid divide ibis product by the product of the 
number of arms and^O ; the quotient will.be the breadth aAd cube 
of'the depth. 

ExAMPLB. — If the power be 1600, the diameter of the wheel 10 
i^et, and the number of arms 6, what will be the dimensions of each 
armi 



1600X10^2» 200000 „. .. ^. . ^ ,,. . -. . ..^^ 
— - — — _: — = — -;_-- = 119 : if the breadth be 6 mches, then 
6X280 1680 * 

119 

~ = 23.8, and V of 23.8 = 2.87, the depth. 
o 

02 



t6i OENERAL EXftAffATfOM OOKefittNIKO WHEELS. 



GENERAL EXPLANATIONS CONCERNING WHEELS. 

PUeh Linet.^Tig&ttkaxMkli dJrtum^iicMi of Mt^6if tnibhl wheels, which act 
upon each other. 

Pitfk ^m fFA««^»— The dietaoce of twa contifopiM teeth^ moasiired npon Iheir 
^tchntte. — r .^ 

Length dfd Tdoa.'-nUi^ dlAtkliCd frtnfl itt bas6 to ltd extremity. 
Breadth of a 7\>oth.—The length of the face of the #fieel. 
Spur Wheels.— Wheebi that have their teeth perpendicular to tfaehr axii. 
, Mipet mM^2«^<-Wlweiii)i«Vlbgllteir toetttataA ai«l»«^tblUBirttii^ V 

Crown lf%ee<«.— Wheels whicl|> hi^Te Iheit teeth at a right angle with tbeii 



• axis. 



MUre #ll#«r«.<^Wltee)s hiviikg iMir |e«lh at aa anf^e of 450 with their i 
. . Spur^ OedK^WhMl* a«ttiig> iipbA each ertier M «h« sttta^ pMitti 
Bevel Gear.— Wheels acting upon each other at an angle. 

When two trluNle ^t ikpoB one aalHIIiiiite grattor is sallef Xha-igrar or dnftMr, 

and ^e lesser the pinion or driven* i . .* 

When the teeth of a wheel are made of a differfnl material from the wheel, they 
are called cogs. ../•... ' ^ 



, • 


TiBLB t^ tU Strtngth of Tuik and Arms, 










Teeth. 


Wltb^ 


ittB>»r * 


PWarainlbfc 


Bona* power 
at 9 feet per 


Fitch is iBchee. 

.25 


Thicknenia 
iachek 


Bmdthia 

iDCfeW. 

.75 


Depth fori 

foot ndiw io 

JndMA 

0.87 


Bnedih af 
ribiBiaUMb 


22 


.25 


.119 


.25 


85 


.5 


.50 


<2d8 


1*25 


l:tf 


.42 


191 


1. 


.75 


. .357 


1.75 


.60 


337 


2. 


•: !• ■ • 


' ;475 


2.50 


, 1.7fl 


.80 


520 


3. 


1.25 


.590 


8. 


2. 


1. 


800 


4. 


1.50 


. .730 


4. 


!l:^ 


1.30 


1040 


5. 


1.75 


.835 


4.25 


1.40 


1370 


7. 


2. 


•955 


5. 


2.50 


1.70 


1720 


9. 


2.25 


1.070 


5.50 


2.70 


1.80 


2100 


10.5 


2.50 


1.190 


6. 


2.85 


2. 


2560 ;, 


Id. 


2.915 


1.810 


6.75 


a; 


2.20 


,3000 . 


I^* 




1.430 


7.25 


3.^ 


2.40 


' 8600 


iSi 


T.25 


1.560 


Siso 


3.9v 


9/60 


4150 


%l. '■ 


3.60< 


1<670 


3;40 


! ll^8»t 


4600 


24. 


3.75 


1.790 


9.25 


. 3.50 


2.9ft: 


5700 


27.5 


4. 


1. 910 


10.25 


3.60 


, »«4f 
3.50 


6300 


31.5 


4,;25 


2.025 


I0.50i 


3.70 


*• d900 


84.5 


4.50 


•S-ilflS' 


-!1. 


: ^.«e 


3*trO 


. 7700 


38.5 


4.75 


2.1870 


11. «a 


31.90* 


3.MFV 


8500 


42.5 


5. 


2.390 


12.25 


4. 


4< .,; 



Tr$dg^ 
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HORSE POWER. 

As this is the universal term used to express the capability of ^rst 
movers of magnitude, it is very essential thai the estimate of tfai^ 
power should be uniform ; and aei it is customary^ in Europe, to es^ 
timate tha power of a horse equivalent, to the raising of 33000 M«. 
one foot high in a. minute^ there <;aa be no objection to such an esti* 
mate here. 

The estimate, then, of a horse's power in the calculajtions in ^his 
l^ork; is 33000 pounds avoirdupois, raised through the space of one 
foot in height in one minute, and in this I am supported by the 
practice of a majority of the ihanufacturers of steam-engines io 
this country. 
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ANIMAL STRENGTH. 



MEN. 

' The mean eflbct of the power of a man, unaided by a machine, 
working to the best possible advantage, and at a moderate estima- 
tion, is the raising of 70 lbs. 1 foot high in a second, jfbr 10 hours in 
a day. 

Two men, working at a windlass at right angles to each other, 
call raise 70 lbs. more easily than one man can 30 lbs. 

Mr. B«THa*$ results with experiments upon human strength aie, for a short pe> 
riod, 

With a drawing-knife . . . . . a force of 100 lbs. 



an auger, both hands 
a sciew-driver, one hand 
a bench vice, handle . . 
a chisel, vertical preissure ' 
a windlass . • . 
pincers, compressioii 
a hand-plane . .* 
a hand-saw . 
athumb-viM . 
a brace-bit, revolving . 
Twisting by the thumb and fingers only, 
and with small soiew-drivers . 
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By Mr. Field's experiments in 1838, the maximum power (^ a strong man, exerted 
ibr ^ minutes, is = 18000 lbs. raised one foot in a minute. 

A man t^ ordinary strength exerts a force of 30 lbs. for 10 hours in a day, with a 
velocity' of S| feet in a second, = 4500 lbs.' raised one foot in a minute, = f of the 
worlc of ahorse. 

A foot-soldier travels in 1 minute, In common time, 90 steps, = 70 yards; 

in quick time, 110 " =s 86 " 

in double quick-time, 140 " =109 " 
He occupies in the ranks, a ftcmX of 20 inches, and a depth of 13, without a knap- 
sack ; the interval between the ranks is 13 incties. 
Average weight of men, 150 lbs. each. 
5 men can stand in a space of 1 square yard. 

A man travels, without a load, on level ground, during 8^ hours a day, at the rate 
of 3.7 miles an hour, or 31^ miles a day. He can caxry 111 lbs. 11 miles in a day 
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XnvUM, «tKSll«T!I. 



A porter going short distance!, and returning unloaded, carrlet 135 lbs. 7 miki • 
day. He can carry, in a wheelbarrow, 150 Ibt. 10 miles a day. 
The inoacles of the humaa |«ir tsf IT c fagr# «f 0^ lbs. 

HORSES. 

A horu travels 400 yar4fl,>«ta walk« id 4i miauteB; at a trot^ ia 
9 minutea ; at a gaUoi^rin'^ rainute. 

He ocsupiea mtike raakcf a> front «f 40 ifi0hto^ aiid a ^tfpih of 14 
(biot.; in a ataUf.fnMii H to 4^ foel (Voat ; and at pidcet, 3 Aset l^y 9. 

Average weight = 1000 lbs. each. 

A A&r»ei cMtfing a soKli^r and his erjaipments (ssy 225 lbs.}, trar^ 
•ki 39 miles ift a day (8 hours). 

A draushi korte caii draw 1600 lbs. 23 milea a daji weight of oa»- 
tfage incladed. 

The ordinary work of a horse may be stated at 22.600 lbs., raised 
1 foot in a minute, foe 8 hours a day. 

In a k9rs9 mili^ a hoTM moves at the rate of 3 feet in a second. The ^ameter 
of the track should not he>l«ss |ha« dS) feet^ ^ ' 

• ! .... 

A horse povfer in machineiy is estimated at 33.000 lbs., raised 1 foot in a mioute ; 
but as a horse can exert that force but 6 hours a day, one machinery hone power 
is equivalent to that of 4.4 horses. 

The expense of conveying goods at 3^ miles per hour per horse team* being 1, ibm 
eipanse ar4| mile* will bilM, ahd' sor on, the tfxpentte' being doubled when tho 
«peed is 5^ mile9 per heurL 

, ^nM|sUr^ngthofa]Hra»isflq«UralMtt4tiiit«f9riii«l& 



Table of the AMoUtU ofLakiHtr « Birt^ »/ aver^ Strength is eapaMi 
of performirigf oi di§&r&nl Velodtio, on CtMok^ RaHroatU^ mti 3M»- 
pikes. 

Fb^ x>f trtctloa estitnated at S3.3 Um. 
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The «etual labour performed by horses is greater, but they are iqjnred by it 
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HYDROSTATICS. 

Hydrostatics treat of the pressure, weight, and equilibrium of 
non-elastic fluids. 

. The pressure of ^a fluid at any depth is as the dep^h of theilui^. 

The pressure of a fluid opon tkm bottom of the eontaining ^vessel 
is as the base and perpendicular height, whatever may be the flgvre 
of the containing vessel. 

Fluids press equally in aU dkreetions. 

The CerUrt of Pressure is that point of a surface against which 
any fluid presses, to which, if a force eqjaal t,Q the whole pre^sorft 
were applied, it would keep the surfaqe at rest. 

The 5^iilce of pressure of a paraUelsfirum is a4 1 of tha line (mail* 
uring downward) that joins the middles of (he two iioriiooUd stdesw 

In a triangular plaru, when the base is uppermost, the centre of 
pressure is at the middle ojf the Imof i^sed perpendicularly from the 
vertex ; and when the vertex is upperinost, the centre of pressure 
i»«t f lof a line let f«il perpeodienlarly ftofn tti# re^mx. 

X OF ]P|l^3aiTBJB. 

The pressure of a fluid on any ^t/r/acc, whether verHcdtyohhque^ 
or horizontal, is equal to the weight of a oolumo of tihe fluid, whose 
base is equal to the surface pressed^ and.height equalto the distance 
of the centre of gravity of tlie surface pressed, beloV the surface of 
the fluid. 

fojini tM Pressure of a Fluid upon the Bottorn of the Contaiiu 

ing^VesscL ■* 

RuLE.^Multiply area of base ia ieet hy height ^f^liid in.jTi^t^^tnd 
their sum by the weight of a cubic foot of the fluid.. 

Ex AMPLE.— What 4s ihe pressing upon a surfiuse.lO feet square, 
the water (fresh) being 20 feet deep 1 

10«X20x62.5 = 125000 lbs., Ans. 

The side of any vessel sustains a pressure equal to the area of the 
side, multiplied byha^fJ^he depth. 

* ■ • * 

. iTh^ pressMft upon .9J^incli3Miy curted, or any surface,. is ^<is the area 
ofj(he *urfaQ(^ A-nifM 4^^ 9f its centre iff gra^ty. idoifi the flui^^ 

. Ei|jwiPLB.— Wlpit |s^e.prf«8i»rjB i^oon t<he;Slepi^^|d0,oC.^ inwrf 
10 feet square, the depth of the pond being 8 feetl 

1«« x|x6^6 7^ «5000 Ibs^ Am.^ 

Or, on a hemisphere just eovered with water, and 86 inches {n 
diameter, 
area of 36 = lOIT.S, ce ntre of grav ity (page 188) 36-?-«-i-2 =r 9. 9 

lns. = :76 foot; then, .76xl0l7.8-s.U4 = 6.3, whicl), X^^.t? 

AAI Oft IKs Amm 



168 nrtmaerjinca. • 

The presstire upon a number of surfaces is found by multiplying 
the sum of the surfaces into the depth of their common centre en 
gravity, below the surfoce of the fluid. 



CONSTRUCTION OF BANKS. 

A bank, constructed of a given quantity of materials, will just resist the pressure 
4f the water when tlie vjuare of its tMcknefs at die bate is to the square of Its 
perpendicular height, aa the weight of a giyen hulk of water is to the weight of the 
same bulk of tiie material the bank is made off increased by twice the afbresaid 
weight of the given bulk of water. 

Thus, if the bank is made of a stone 9 limee hedvier thao mtttt the tfaieknett of 
the base ^ould be to the height, aa 3 to 6. , 

If the height, compared to the thickness of the base, be as 10 to 7, stability is al- 
ways ensured, whatever the specific gravity' bf the material may be. 

The bottom of a eonifiol, pyramidal^ or, eylindrieal vesadt or of one the section of 
wkieh is thiU of an inverted /Hwtram of a cone or pfrtmidy enetaini a yreeawre 
equal to the area ef ika iaU4m.an4 the d^tk oftheJUid, 



FLOOD aATES. 

To find the Strain which a Fluid will ettert to make t/ tum.upon 

its Hinges^ or open. 

Rule.— Multiply \ of the square of the height by the square of the 
breadth, and take a bulk of water equal to the product. 

ExAMPLK. — If the gate is 6 feet square, 

1-X 6« = 324 cubic feet, or 20250 lbs. 
4 

To find the Strain the Water exerts upon its Hinges, 

Rule. — Multiply ^ of the breadth by the cube of the height, and 
take a bulk of water equal to the product. 

Example. — With the same gate, 

I X6> 3= 216 cubic leet, or 13600 lbs. 
o 

PIPES. 

To find the Thickness of a Pipe, 

RuLE.^-MultipIy the height of the bead of the fluid in feet by the 
diameter of the pipe in inches, and divide their product by the co- 
hesion of one square inch of the material of which the pipe is com- 
posed. 

B^ experiment it hAs been found that a cast iron pipe, 15 inches in diameter, and 
^ of an inch thick, will support a liead of water of QOO feet; and that one of onk, 
of the same diameter, and 3 inches thick, will support a head of 180 feet 

The eoheeive fotoer of east iron^ Mm, vould be 13,000 ibe. ; of oakf 1360 lbs. 

^V^^ '««' «' 750 lbs, ; and wrought, iron boiler plates^ riveted together, is frwrn 
15 U 30,000 lbs. 



&i eondoU pipes, lyinc boriximUdy and made of lead, their thlcknew, eonpeied 
to tbeir dia^aeter, shoold be, 

Aa94, 3, 4,9, 6. 7, 8 Itees, 
To V li> 8, 3, 4i, «, 7 inches. 

And when made of iron,. 

Aa 1, S^ 3, 4, 5, Jbc, IfaMS, 
T*^l, 3, 4^ 6, 8, ate, iiKhee* 



HYDROSTATIC FRESS. 

Tojind thtt Thicknfiss of the MettU. tQ resist a, Qiven Pressure. 

Let p = pressure per square inch in pounds, r= radius of cylin^ 
der, and c = cohesiou of the metal per square indL 

Then -2L = thickness of metal. 

The cohesive force of a square inch of east iron isfrequentfy esikMf^ 
ted at 18000 lbs., but 16000 is preferable. 

A cylindrical ring, the diameters of whiobwere 5.3 and 10.8 inch- 
es, burst at 9 pressure of 9000 lbs. per square inch. 
These dimensions. by the above rule would give 

9000X6.3^2 

= 3.4 ins. 



1600^9000 

10.$*-6,3 
The thickness was « = 2.76 in^. 



iW HTDRAULIOf HID SVSKODTNAMICS. 



HYDKAULigS AND HYDRODYNAMICS. 

• 

Hydraulics treads of the motion of 8on-e}astic fluids, and Hy- 
drodynamics of the force with which they act; 

Diescending' water is actuated by the same laws^sifidUng Miei. 

Water will fall through 1 foot in i of a second, 4 feet in i of a 
second, and through 9 feet in l.of a second, and so on. 

The velocity of a fluid, spouting through an opening in the side 
of, a vessel, reservoir, or bulkhead^ is the same that a body would 
acquire by falling through a perpendicular space equal to that 6e 
Ui»en the top of tht water mid the iniddle of ike aperture^ 

Then, by rule 4 in Gravitation, 

V' height X 64/33 ~ velocity. 
Example. — ^What is the velocity of a stream issuing from a head 
of la feet 1 _____ 

^ 10 X 64.33 =i= 26.86 ffeet, > . 
Or, v/iax8 =,a5.«0 feet, 5 ^"** 

If the velocity be 60.72 feet per second, what is the headi 

60.72«-r64.33 = 40 feet, J 

Or, 60.72* -8* = 40.2 feet, J ' 

This would be true were it not for the eflfect of friction, which in 
pipes and canals increases as the square of the velocity. 

The mean velocity of a number of experiments gives 5.4 feet for a 
height of one foot. The theoretical telocity is (^64|) 8. 



OF SLUICES. 

To find the Quantity of Water which will flow out of an Opening, 

KuLB. — Multiply the square root of the depth of the water by 5.4 ; 
the product is the velocity in feet per second. This, multiplied by 
the area of the orifice in feet, will give the number of cubic feet per 
second. 

Example. — If the centre of a sluice is 10 feet below the surface 

of a pond, and its area 2 feet, what quantity of water will run out 

in one second 1 

-v/10x5.4X2==:34.I496 feet, u4«*. 

- NoTK. — ^If the area of the opening is large compared with the head of the water 
take § of this velocity for the actual velocity. 



OP VERTICAL APERTURES X)R. SLITS. 

The quantity of water that will flow out of one that reaches as 

high as the surface is | of that which would flow out of the same 

aperture if it were horizontal at the depth of the base. 

^ velocity at bottom X depth x 2 , ,.^ ^ ,.. 

Or, '- g ^ X breadth of slit = number 

f cubic feet per second. 
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OF STREAJMS OR JETS, 

To find the Distance a Jet will he projected from a V^sel ihr<mgh 

an opening in the Side: .- 

Rule. — B C will always be equal 
to twice the square root of A O K 
OB. 

If is 4 timeci a? ^ep belbw A, as 
•« is, will discharge twioa the qaan- 
tity of water that will flow froiQ a ia 
the same time, because 2 is the 
square root of A o, and 1 is the 
square root of A a. 

Note.— The water will spout the ftirth^st When o is equMistsiit ft^ni A and B ; 
and if the vessel is raised above a plane, must be taken upon the plane. 

The quantities of water passing through equal holes in the same time are as tha 
.aquare roots of their depths. 

£xAMPi«K.— A vessel 20 feet deep is raised 5 feet above a plane ; 
how far will a jet reach that is 5 feet from the bottom? 

v'lSx 10X2^24.48 feet, Ans. . 

When a prismatic vessel empticM itself by a small or^e, in the lime 
cf emptying itself, twice the quantity would be discharged if it were "kept 
full by a new supply, 

I 

To find' the Vertical Height of a Stream projected from' Of Ptpc. 

IluLE.7- Ascertain the velocity of the stream by computing the 
quantity.of water running or forced through the opening ; tben« by 
.jrule 5 in Gravitation, page 140, find the required height. 

EzAMPLs. — If a fire-engine discharges 16.8 cubic feet of water 
Jthrough A \ inch pipe in one miqute, how high will tl^e water be 
projected, the pipe being directed vertically 1 

16i.8x 1728-7- area of l — ipches in a foot -r- seconds in a minute 
±=91.6, or velocity of stream in feet per second ; then, by rule, page 
140, 91.6-5-8 = 11.45, and 11.46* = 131.10 feet, Ans. 

NoTK.«-Thi» ruls gives a theoretical result; the result in practice Is somewhat 
leas. 

' ' # . * » 

• VELOCITY OJF STREAMS. *' 

In a Stream, the velocity is greatest at the surfhce and in the 
middle of the current. 

» 
To find the Velocity of a River or Brook. 

\ Rule. — ^Take the number of .isolies that a floating body passes 

\ pver in one second in the middle of the current, and extract its 

square root ; double this root, subtract it from the velocity at top, 

' ^nd add I ; the result will be the velocity of the stream at the hot- 

' torn ; and the mean velocity of the stream is equal the velocity s' 

the surface — ^ velocity at the surface +.5. 
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I'tli WtMAVtMB AMD BYDRODTNiAaieS* 

ExAKPLK. — ^If the velocity at the surface and in the middle of a 
Btream be 96 inches per steotid, what is the tnean Telocity 1 

4/W X 2— 96+ 1 == 35, the velocity at bottom. 
36— ^364-.6=£30.5, Ans, 

To find the Velocity of Wdtet rmining ihrough Pipes. 

RuLB. — ^Divide height of head in inches by length of pi|)e in inch- 
es, and the square root of the quotient, multiplied by 23.8, will give 
the velocity in inches at the oiifioa 

EzAMPtB. — What is the velocity when the head is 9 feet, the pip6 
124 Inches l ong and ft^ inches bore 1 

^108<r^ X 23.3 =s 49.49 Inches per second, Atu. 

Quantities of Water discharged from Orifices vf various forihs^ 
the Altitude deing constant, at 34.64S Inches* 

Cable iachM 
If atan'atoi dineultei «r HM-tiibai «nd tfriiete. dnehuged 

1. A circular orifice In k thin plate, the diameter beirt^ 

1.7 inches 10788 

2. A cylindrical tube 1.7 inches in diameter, and 5.117 . 

inches long 14261 

3. AshoTt conical adjiHsge, l.riinolies M diameter 10926 

4. The same, with a cylinder 3.41 inches long added to 

it . 10409 

5. Hie same, the length Of the cylinder being 13.65 inch- 

es long . . . .* 9890 

6.' "the' same, the fength of the ^^lilkder being 27.30 inch- 
es lon^ . . . . , .. 9216 

Results prove that the discharge of water through a straight 
cylindrical pipe of an unlimited length may bis Increased 6nly by al- 
tering the form of the tenninationaof the pipe, by making the inner 
end of the pipe of the same form as the vend ayntracta, and tlie ex- 
tremity a truncated cone, liaVing it's letigth about 9 times the diam- 
eter of the cylinder or pipe attached, and the aperture at the outlet 
to the diameter of the cylinder as 18 is to 10. 

By giving this form, the tlisclitirge is ov^ what it would be by 
Ifae e^inder alone as 24 is to 10. 



The nndulations of Wates are perforaied in the same time as .the 
wciUations of a pendnium, the length of which is equal to tbebre^h 
>f a wave^ or to the distancse between two neighbouring cavities ox 
^piinencea. 
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GBT>^RAL RULES. 

Discharge by HorizatUal IHpes, 

1. Tbk les« the diaoMter of the pipe, the lev is the proporttonal disehufge of the 

Bold. 

' S. The greater the length' of Ihe ^dltehetgtng piipe, the greater the dtaniADdon of 
llie discharge. Hence, tbe diachaiges made in equal limes bgr |iipes of diifiHtht 
mngths, of the same diameter, and under the same altitude of water* afe to one 
aiother in the iltv^eite -ratio ^f the square roots of their lengths. *8ee tote, li. 115. 

3. The friction ofti Hold irpnlportloiially greater in imiOl thao hi lalge pipes. 

4. The velocity <jf wdt& flowing but ^f aA ep^rhife M-iM the squau 
foot of the height of the head of the water, 

^ Theoretically th^ velocity would be ^ height X8. In prMice It iB 
^ height X5.'4 = velocity in feet per second. 

lyieckarg'e 'by VerUcdl Pipes, 

The discharge of fluids by vertical pipes is augmented, on the prin<iiple of the 
navitation of fMttng hodtes ; conseqmnttyithe grestBrHie length of The pfpet the 
jtealer the di8e>iaii^j|f the fluid, 

Discharge by IncUited Pipes. 

A pipe Which Is Indided i^I ^€iaif^ J^, h, glVen tihiA % g^ter quantity of 
Water thaali lioritontal pipe of (he same almehsioos. 

Deductions from various Experiments. 

1. The a)%a8'of oYlfices being equal', Ihat which has the smallest perimeter'wffl 
dfacharae the moA water und^ equal heads ^ hence drcular apertures are the 
diost Mvantageous. 

2. Iliat hi consequence of 4he addiihnntf controetton of tibe fluid yein^ as the 
head M* the fluid ihcreases the disduuge is a little diminished. 

' 3. TRiat (he discliarge of a fluid through a cylindrical horizontal tube, the diam- 
•ler and leagth of ivhishrBiie equal taQne:aB0thev»is4he same as through a-simpto 
Drifice. 

- 4. That ihe -aboirt tahB amy he Increased 4oibitr times tite diameter of the ori- 
Ace with a4yafitage. ' \ .' 

:5. The velodty of motion that would reieXt ffom ihto direct, uhrelnSM ac- 
tion of fhe^oiumn of "a fluid which produces it, tieing'a constant, XK -. 9* 
,. 'The velocity through an aperture in a thin plate, with the same pressure, b 15. 

^Through a tube ftom twonb'thres ^ameten%~llEingth,n|)rq)ecting outlvard, 6.5 

■ "^Through a tttl>e of the same -length, -prnjecting inward i».45 

Through a coi^icai tube, o^ (he tdrm :of th^ tjoittnictisd v^n. . . . . * .7.9 

, Curviiineal endrutangidar,p^te» dis^targ»4em 0/ ajimid tihm rectUinemt pipes, 

r Discharge froM Resefvoifs deceiving no Supply df Water, 

For prismatic vessel* flw-gtoeHtlaJWai^pltoB, tttat*' twiee-as-nuch would be* lUe- 
^aiged from the same orifl<^ if the vessel were kept full during the time which la 
Aquhedforeniptyill|;ttStflf. .... 

Disckiarges ftom X^ompound or tHvuttd Rese^t&iH, 

The velocity in 'each may be considered as generated by the difier^nce of the 
lieights in the two contiguous reeervoira; consequently, the square root of flie dif- 
ftrence will reprdsent the velocity, which, if there are sevend oiiflc^, «iuil bo 
Inversely as their rMpectivib> areas. 

Discharge by Weirs and Rectangular Notches. 

The quantity of water discharged is found by taking { of the veled^r doe tO.thiO 
mean height, usipg 5.1 for (he todlhttent of this velocity. 

EzjLHPLB.— 'What quantity of water will flow from a pond, over a weir 90^^ ihclfc> 
« hi length by Id hiches d»ep ? 

ly/1 foot X5.1X 8.5 area of weU: := 38.0 cubic feet to one secontd. 
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Table tf the Rise of Water in Rivers, occasioned by the erection of 

Piers, 4*c, , 



ill 



1 

2 

i 

7 
8 
9 







of aeetioB of flw river. 




iV 


A 


•A 


iV 


A, 


^^ ; 


A , 


A 


ITqet 


:o3T7 


Feet. 


r«et. 


PmU . 


Fe6t. 


FceU 


Feet. 


.W57 


.om 


.1192 


.1^12 


.3521 


.6*rao 


1.609' 


.0277 


.0665 


.1231 


.2102 


.3548 


.6308 


1.196 


2.838 


»04W 


:.U44. 


(2118 


.3618 


• J8107 


ijom 


SX)58 


4.885 


.070b 


.27D3 


.3333 


.5759 


.9719 


1.701 , 


3i276 


7.775 


.1TB5 


'5168 




i:49o 


^.607 


sm 


11.92 


.¥55B 


.3736 


Ml^ 


1.181 


1.993 


3;487 ' 


6.715 


15.94 


.2078; 


.4083 


jmi 


1.575 


2.te8 


11.651 


8J»58 


S1.26 


♦-2678' 
J33SQ 


.8054 


1.18^ 
1.490 


2.030 

2.557 


3.426 
4.296 


5J995 
7.517 


14,48 


27.40 
34.30 


.41« 


i«877' 


1.^ 


3.122 


^.268 


9.219 


17.75 


42.14 



9 
TV 



±, 



Wjttt. 
6.6^ 
11.71 
20.15 
32.07 
4&1JP 
65.75 
87^ 

1134) 

141.7 

173.8 



Velocity of Water ih Pipes or Sewers. 

• i^b fAnte 6c«ikpled te ttfl- eqtfal tiUahidty df ttstter ihrdugh a pipe or te weir df ei^uaX 

lengths, and with equil fUla, IstiMptotkAiiliy a« IbiliMs: 

' It»a tigtM; Uoe as iN^J^ fi;tr^«ei4(ve,d9 109^ aMin pamiog atlgiic angled 140. 

, TAe ruistavke tlhaC « kMi^ ««#<affi# ta ttotnw't^Hwf^Jk «<)CkA ii ia liMg^ortiMi fb 

lAe square of the velfictty* 

, .i.. "... ' . ...*.' • ■• ^ 

The resistance that any plane surface encounters in moving through a fluid wiA 
any velocity is equal to the weight of a column whose height is the space' a body 
tni|iUl.ta[BV0'te ]^H thnragh InfiM spk:bK> ao^ttlKB that teloelty, and Whose base 
is the surface of the plane. , ' 

, Ex^KPi^.-rlf * pliine, 10 inches ^uai«, mova through water at the rats df 8 
feet per second, tl^ien 8>-£-64= 1.-= the space a body wott)d require to fall to B«r 
quire a V^odity 6'f 8 fe^t ^r second; and as 1 foott= 12 inches, then 10X12 = 1^ 
cubic inches, =3 the fcoMmn of iv^it^r ivhose height and base axe Yequired. 

.' (Ctkb. tiKHe*. .-Oabtt*; ' 

As 1728 : 120 : : 1000 : 60.4, or 4.3 lbs., which l«| tin aihoniit of tesisfuiee itMk 
with by the plane at the above velocity. 

^ 'A^A It ia tila<taiit9,')nFliell«T Che planer «idv^'i«aiiittlhto fltMxirthemiidagitittst 
Che plane. i 

The fallowing Table shown the remits of experiments with a plane one foot 
square, at andtnmersum of ZJeet below the surfaqst and «U dtferent veloaties 
per second. ' 



VdRi^K^. 



•4>4- 



'5reet 
7 *" 



HMMnMS. 



39.5 lbs. 
40. " 
'M.9 - *' 



vWhcHy. 



8 feet 

9 ^' 
10 •* 



RcbMMlfiA. 

'^i.ribs. 

9616 *♦ 

m. '* 



VAlMitf. 



11 

12 



fleet 



1 1 i I ' ■ 
136.3 lbs. 

mi " 

«13. * 



•V* 



♦ NoTE.-T^This is. a deduction of M. Bossnt- , t L 

'A fth'rirala landed me hfTAr. J. ^Fitidlaj^ » h^re gitien, ahd, fronti its tipparenfe 
fttlth in taotonpahsOn with lllis pra<fedjng rule, 1 trdnid rsoommend Ha ai^UcMitia. 
Let d rspresent diameter of pipe, A the heigftt of il, a|id I the tongfh. 

iStiOdXh 



Then, y/- 



li-^Od 



■.V. 



176 y^Atn vrnMSis* 



WATER WHEELS. 

This subject belongs properly to Hydrodynamics, but a separate 
classification is here deemed preferable. 

Water Wheels are of three kinds, Tiz., the Overshot, Uniershpt, 
and Breast. 

The Ovwshot Wheel is the most advantageous, as it gives the 
greatest power with the least quantity of water. The next in or- 
der, m point of efficiency, is the Breast Wheel, which may be c(hi- 
sidered a mean between the Overshot and the Undershot. For a 
small supply of water with a high fall, the first should be employed ; 
where the quantity of water and height of fall are both moderate, 
4he second form should be used. For a large supply of water witti 
a low fall, the third form must be resorted to. 

Before proceeding to erect a water wheel, the area of the stream 
and the head that can be used must be measured. 

Find the relooity acquired by the water in falling through that 
lieigbt by the FUle,Tiz. i Extract the square root of the height of the 
head of the water (from the surface to the middle of the gate), and 
inultiply it by 8, 

NoTs.->Where the (qieninff is MBall, and the hmd of water is great, or propor 
tionally so, use from. 5.5 to 8 for the multiplier. 

Example. — The dimensions of a stream are 2 by 80 inches, from 
a head of 2 feet to the upper surlhce of the stream ; what is the ve- 
locity of the water per minute, and what is its weight 1 

2 feet and i of 2 inches = 25 inches = 2.08 feet, V^.08X*6'6X 
60 =c 661.60 feet velocity per minute. 

And 80x2x661.6 feet xi» inehes, -M7283»«24 cable feet, X 
62^^ lbs. = 39000 lbs. of water discharged in one minute. 

7*0 find the Power of an Overshot Wheel. 

Rule. — Multiply the weight of water in lbs. discharged upon the 
wheel in one minute by the height or distince in feet from the 
lower edge of the wheel to the centre of the. opening in the g^e ; 
divide the product by 50000, and the quotient is the^number of 
horses' power. 

Example. — In the preceding example, the weight of the water 
discharged per minute is 39000 lbs. If the height of the Ml is S3 
feet, the diameter of the wheel being 22, what is the poWer of the 
wheel 1 

23 feet — 8 inches deanmce below r= 22.4 = 22.33. 
39000x22.33—50000= 17.41 horses* power, Ans. 

To find the Power of a Stream* 

RuLB.-^Multiply the weight of the water in lbs. discharged in one 
minute by the height of the fall in feet ; divide by 33000, and the 
quotient is the answer. 

* £stiiBate of velocity* 



■WATER WHEE&S. lY? 

£x^iATO«. — ^What powar is a stream of water equal to ^f tbe fol- 
lowing dimensions, viz.: 1 foot deep by SSineties broad, meloeity 
^fiO (^t per minnte, and fall %0 feet ; and what should be the -siase of 
tl^ iwheel applied Co it 1 

12x22x360xl2-M728x63ix60 feet -=-33000 =± 7*2.9, if ^. 

Height of fall 60 feet, from which deduct for admission of Water, 
"lind clearance below, 15 inches, which gives 58.9 feet for tke diam- 
eter of the wheel 



Clearaace above 3 f , « iudiea. 



'* below 12 J** 



'The p6'Wer of a stream, applied to an overshot whed, produce^ 
effect as 10 to 6.6. 

^ Tlien, as 10 : 6.6 : : 72.9 : 48 horses^ powef equal that of an otrer- 
ahot wheel of 60 feet applied to this stream. 

Wkeu tlw'ftit eieseds 10 feet, ike oventfeot w^tbel Aonld be npfOed. 

The higher the wheel is in propor tioa to the whole descent, the gresMr wfll bb 
theefflbet. 

. The «fibet fti M the <qiuuiJtttsr'«f waMr and Its >petp«ddieittof hei|ht malliplled 
together. 

The weight of the arch a( loaded buckets in pounds, is found by multiplying 4 
of their number, X the number of cubic feet in each, and that product by 40. 

9 

To find the Power of an Undershot Wheel when the Stream is 

confined to the Wheel. 

ktTLB.—Ascertafn thie weight of the water discharged against the 
iSidats of the wheel in one mtnut^ by the preciediAg rules, and divide 
4t by lOOOOO ; the qtrotifent is the number of horses' power. 

NoTB.— The 100000 is obtained thus : The power of a stream, applied to on un- 
d^Mkot wheel, produces ^flbet as 10 to 3.3 { Jtben 3J ;10 : : 33000 : 100000. 

When the opening is obove the centre of the floats, multiply the weight of the 
water by the heigfit, as In the role for an evetahet WhM: 

£zA]iPi«8.*— What is the .power «f an undershot wheel, ap]^d to 
a stifeam 2 by dO inches, from « head of "86 itet 1 

^25x6.5x60 = 1050 ieet velocity of water per minute, and 
ytX90 = i60 inches Xl950xl2-rl728 = 2166.6 cubic feet X62.5== 
* 135412 lbs. of water discharged in one minute; then 135419-^ 
lOOOOO = 1 .35 horses* '{lower. 

KoTK.— The maximum work is always obtained when Ae ▼elocl((y of tbe wheel 
is half that of the stream. Let V represent velocity of float boards, and e veloci^ 

tf water ; then ? vr« ^ X force-of the wiati^, will be the forcjo of the efiective stroice^ 

The (sffMt «r ohi •vMeMiiC Hi^hMl -to the'poMr^ expended is, at a medimn, 6nto 
ihalf that of -An ovenhot wheel. ■ 

The virtaal br e/Tecti^^ fiehd being the lAime, the e'tfect will be v^ry nearly as 
•Me quantity of water Mcpended. 

When the &U is below 4 feet, an uadershofc whMl ii|auld be! sppllM. 

• :' '• • ■ . .-■''. t ' ■ 

. tToJmd the Power of a Breast Wheeh 

' 'Rtma.^^Find the'^eot of an ilfideiislMite wheel, the head of Wat€^ 

}of 'vi^i^ is tile dlflbmftic^ «>f te^vel between th^ surfaoe and where It 

strikes the wheel (breast), and add to it the effeet'of thait of an ortn- 

jBlwt wheel, the height of the head of wfaioh is eqaal to the differ- 



* Equal lfl0XlS-S-17S8X0S.5yt9ai=s momentum of water and iu Telocity. 



-•-••■ 



YIS .WATim WBJBBL9. 

ence b^we^n where tb?. water strike^ the wbee], and the tail water ; 
the suni is the effective power. 

£xAHPLK.^-What would be the power of a breast wheel applied 
to a stream 2x80 inches, 14 feet from the surface, the rest of thfi 
fall being 11 feetl 

^ 14 X 6.5 X 60 =^ 1458.6 feet velocity of water per minute. 

And 2x80x1458x12-7-1728= 1620 cubic feet X 62.6 = 101250 
lbs. of water discharged in one mintite. 

Then 101250-t-I 00000 = 1.012 horses' power as an undershot. 
5/11X6.5x60 sr 1290 feet velocity of water per minute. 

And 2x80xl290xl2-rl'/28= 1433 cubic feet X 62.5 = 89562 
lbs. of water discharged in one minute. 

Xll height of fall -r 50000 = 19.703 horses^ which, added to the 
above, =20.715, Ans, 

When tbe Ail exeeeds 10 feet, it may be divye<i ioto Uro, anA two breast wheels 
jtpptied to it. 

When the fall is between 4 and 10 feet, a breast wheel shoald be applied. 
The. power of a watar wheel ought to be taken oM opposite, to the point when 

the water is producing its greatest action upon the wheel. 



barker's mill. 



The effect of this mill is considerably greater than that which the 
same quantity of water would produce if applied io an undershot 
wheel, but less than that which it would produce if properly applied 
to an overshot wheel. . 

For a description cfitf sec Grier^s Mechanics* Calculator r^ge 23A* 

Make each arm of tbe horizontal tufb^, firomthecentre of motion t6 
«the centre of tbe aperture of any coinvenient length, not less than | of 
the perpendicular height of the water^s surface above these centrea 

Multiply the length of tlie arm in feet by .61365, and the sqiTar^ 
root of the product will be the proper time for a revolution in sec- 
onds ; then adapt the geering to this velocity. Or, if the time of ^ 
revolution be given, multiply the square of it by 1.6296 for the pro- 
portional length of the arm in feet. 

Divide the continued product of the breadth, depth, and velocity 
of the stream in feet by 14.27; mtiltiply the quoti^ by the square 
root of the height, and the re«ilt is the azea of either: aperture. 

Multiply the area of either .aperture by the height of the head ot 
water, and this product by 56 ; the result is the moving force in Ib^. 
at the centre ^ef the apertares. 

Example. — If the fall be 18 feet from the head to the centre of the 
apert ures, then the arm must not be lefts ^han 2 feet (as ^ of 18 = 

2)i V^x,6i365±rUi07, the timoHof a revolution in seconds; the 
breadth of the race 17 inches, the depth 9, and the velocity 6 feeC 
per second ; what is the moving Ibrce 1 

17 inches = 1.41 feet, 9 inches = .76 feet; then 1.41X.76X«^ 
14.27 X v^ 18 X 18 X 56 = 1895 lbs., Am, 



WATER wnfis&s, Vti 

To find the Centre of Gyration of a Water Wheel. 

Rule. — Take the radius of the wheel, the weight of its arms, and 
the weight of its rim, as composed of fioats, shrouding, &,c. 
Let R represent the weight of rim, , . 

*f r **^ the radius of the wheel, 
; ** A " the weight of arms, 

■ " W " the weight of the water in actioii> when the buckr' 
ets are filled, as in. operation. _^ . 

Then v^(Rxr? X3-I-A X r* X 8+ W X t'-f R4- A+ W X»)= centre ot 
gyration. 

Example. — In a wheel 20 feet diameter, the weight of the rim is 
3 tons, the weight of the arjns % tons, and .the weight of the water 
I ton ; what is the distance of the centre of gyration from the cen- 
treof the wheell 

K =3tons X10*X2 = 600 

A ==2 »* X10«X^ = 400 

W=l " X10« . .==100 

3+2+1=6X2 = — ^=91.6, the square root of which in 
fK§!f or. 9 J leet,.^n*. 

NoTKS.— At the mill of Mr. Samuel Newlin, at FIshkill Creek, N. Y^ 5 barrels 
of flour can be ground, ftnd4W busheta4>f grain ^levalod 36 ifeet per hour with a 
stream and overshot wheel of the following dimensions, vi^. : . . . . 

■'Height of head to centre^ of opening, 04| \ttcitei", '<^>tiiig, 1| by 80 inehitS7'wheel, 
82 feet diameter by 8 feet face ; 52 buckets, each 1 foot in &pth. 

The wheel making 3^ revolmioos, driving 3 run of 4^ fi^et stones 130 turns in a 
nilnute, with ail the attendant machinery. 

•Tbis is a case o^maxinmm efibct^ in'cotaseqpienori of tha gearfag bdng well «st" 
up, and kept in good order. > 

( ■ ■> 

At the furnace of Mr. ?eter Townseoii, Mon.roe Works, N. Jf., 90r to 34 tons of 
No. 1 Iron are" made' per week, with the blast from ty^o 5 feet by'5 feet 1 inch 
blowing cylinders. The wheel (overshot) being 24 feet diameter, by '6 feet in 
width, Imviog 70 buekets^of 14 tncbibs in (Ijepth, rTh«. stteaia Is ^ py 51 incheft,, 
having a head 6j| feet ; the wbe^l and cylinders each' making 44; revolutions per 
minute. 

■ . •. • . -.,•.•,', - ■ • - 

Rocky Glen Factory, Fisbkill, N. Y., containing '6144 self-^aetlBg mule spindles* - 
160 looms, weaving printing, cloths 27 iiichos Wide of No. 33 yarn. (33 hanks to a 
pound), and producing 34,000 hanks in a day of 11 hours, is driven by a breast 
w)ieel and stream of the following dimeRsions^'Viiu : 

Stream 18 feet by 3 inches, head 20 feett, height of water upon wheel 16 feet, di- 
ameter of wheel 213 feeu4 inches; face of wheel 20 feet 9 inches, depth of buckets 
15| inches, number of huckets 70. ■ - 

Revoiation^ 4 j^g^ per minute. 



m 
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WEIGHT, ELASTICITT, AND KABITT OF AIR. 

Trk pressure of the air at the surface of the earth is, at a mton 
Mte, equal to the support of S9.5 inches of mercury, or 33.18 feet of 
fresh water. It is usually estimated in round numbers at 30 inches' 
Qf nfircory ap^ 34 feiet of vaier, or 15 Itw. pressure, upon th^ s^aare 
inch. 

The Elasticity of air is iniFeraely aa the space it openpies, aod di- 
rectly as its density. 

When the altitude of the air is taken in arithmetic pro{x>rtion, it8» 
Rarity will be in geometric proportion. 

Thus, at 7 miles above the surface of the earth, the air is 4 tin^ 
rarer or lighter than at the earth's surface ; at 14 miles, 16 times ; 
at 21 miles, 64 times, and so on. 

The weight of a cubic foot of air is 527.04 grains, or 1.205 ounces 
^voir4iq>oi8. 

At the temperature of 33°, the mean Telocity of sound is 1100 
feet per second. It is increased or diminished half a. foot for ea^> 
degree of temperature above or below 33°. 

To compute Distances by Sound. 

KehJL — ^Multiply the time in seconds by 1100, and the product is 
the distance in feet. 

Example. — After observing a flash of lightning, air at 50^, it wad,. 

& aeconda before I heard the tliunder ; what was the distance of the 

cloud 1 

50 — 33, 
1100+^^^~^X6-^5280 = 1.049 miles, Ans. 

To compute what Degree of Rarefaction map he effected in a 

Vessel. 

Let the quantity of air in the yetsel, tabe, and pamp he represented by 1, and 
the propdrtibtt of the eapadiy of tlie pomp to the vessel and tiibe by J3 ; conse- 
qnently, it contains ^ of the air in tbe unitra apparatus. 

Upon the first stroice of the piston this fourth will be eipelled, and % of the ori- 
ginal quantity will remain : ^ of this wUl be expelled upon the second sttokot whicih 
a equal to -^ of the original quantity; and, consequently, there remains in the ap- 
paratus -^ of the original quantity. Calcalatin({ ^ this way, the following table 
is easily made : 



No. of Strokn. 


Air expelled at audi atioke. 


ASr remaining in tbe TeeieL 


1 


* =* 


* =» 


3 


3 3 


9 3X3 


le ~4X4 


16 -4X4 


3 


9 3X3 


S7 3X3X3 




64 4X4x4 


64 "~ 4X4X4 


4 


27 3X3X3 


81 3X3X3X3 




256 4X4X4X4 


256 — 4X4X4X4 


5 


81 3X3X3X3 


243 _ 3X3X3X3X3 




1024 ~ 4X4X4X4X4 


1024 ~" 4X4X4X4X4 
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And so on, eontinaally multiplying the air expelled at the preceding stroke by 3, 
and diyiding it by 4 ; and the air remaimng alter each stroke is foundby maltij^y- 
Ing the air remaining after the preceAag stroke by 3, and dividing it by 4. 

Measurement of Heights by Means of the Barometer. 

JIfproximaU Rule. For a mean temperature of 55^, 

X =: required difference in height in feet, 

h = the height of the mercury at the lower station, 

h' s the height of the vereury at the «pper station, 

X = 55.000XrTT'* ^^^ Ttv ^^ ^'' tesnlt for each degree which the 

mean temperature of the air at the two stations exceed* 55^, and dedtict as much 
for each d^ree below SSP. 

Velocity and Force of Wind. 



MDMiiiaa 
boor. 


FMt in a 

BUBBte. 


finmm on ft iqinM 
foot iaixMiDds avoir' 


DMcripUoo. 




1 


88 


.005 


Barely observable. 




2 
3 


176 
264 


.020) 
.045 f 


JuBt perceptible. 




4 


352 


.080 


Light breeze. 




6 


440 


.125 ^ 






« 


528 


.180 J 


Gentle, pleasant wind. 




8 


704 


.820 ) 


• 




10 
16 


880 
1320 


.500 > 
1.125 f 


Brisk blow. 




20 
25 


1760 
2200 


2.000 ) 
3.125 f 


Very brisk. 




30 
35 


2640 
3080 


4.600 ) 
6.^25 i 


High wind. 




40 
45 


3520 
3960 


8.000) 
10.125 i 


Very high. 


. 


50 


44()0 


12.500 


Storm. 




60 


5280 


18.000 


Great storm. 




80 


7040 


32.000 


Hurricane. 




100 


8800 


50.000 


Tornado, tearing up trees, 


&c. 



To find the. Fvrte of Wind acting perpendicularly upon a 

Surface. 

EutE. — ^Multiply the surface in feet by the square of the velocity 
in fei^t, and the product by .002288 ; the result is the fbrce in avoir* 
dupois pounds. 

Q 



1^ ITATICI. 

STATICS. 

PRESSURE OF EARTH AGAIKST WALLS. 



LaT A B C D be the vertical ieetion or a wall, behind which is a 
bank of earth, AD/«i let DG be the line of^rupture, or natural 
tUipe which the earth would asaiune but for tlie resistance of the 
waU. 

InaBndyOTloo9eeaitb,theang1eGbHisgeneral]y 30°) in Gnner 
earth it ia 36°, and in same instances it is 45°. 

The angle formed with the vertical by the earth, AD G, that ex- 
erts the greatest horizontal stress against a wall, is half the an^e 
which (he natural slope niakes with the vertical. 

If the upper surface of the earlb and the wall which supports it 
are both in one horizontal plane, 

Then the resuliant In of the pressure of the bank, behind a verti- 
cal wall, is at a distance D n of } A D. 

Id TCfeltbLe BBTths, the fFlcliflfi li^Iha presinn; In sands, ^, 
■m lim if nftiri A O In B bank of veicUbla «nh U = .«ie of A D. 
K of rubble, It tg .414 or A it. 

Thickness ef Walls, hotk Faces Vertical. 



JievTt fFMaLiae- 170 lbs. per cubic rout, bank of vegetable ei 
If lb? bank ts of clay. A B ^ .14 A D. 
Bml.. Brmkof»aad,AB = 33AD. 
V^/lokh >linu. Bankoraand.AB^.MAD. 
Siwn/rKitoni. Bank of lanil, A B ^ .W A D. 
When Ihs bank 1> liable lo be Mlimled with water, the lb 

For l^ttber doom, and for die E^taiArimm tf Piurt, ac« Bn 
page) !BQ lo SM. 
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DYNAMICS. 

Btnamxcs is the investigaUoii of body, force, veloeily, space, and 
time. 

Let them be represented by their initial letters bfv s f, gravity by 
gi and momentum or quantity of motion by m ; this is the effect pro- 
duced by a body in motion. 

Force is motive, and accelerative or retardative. 

Motive force, or momentum, is the absolute force of a body in 
motion, and is the product of the weight or mass of matter in the 
l»ody, multiplied by its velocity. 

Accelerative or retardative force is that which respects the velo- 
city of the motion only, accelerating or retarding it, and is found by 
the force befng divided by the mass or weight of the body. Thus, 
if a body of 4 lbs. be acteid upon by a force of 40 lbs., the accelera- 
ting force is 10 lbs. ; but if the same force of 40 act updfi another 
body of 8 lbs., the accelerating force then is 6 lbs., only hdf the 
former, and will produce only half the velocity. 

Uniform Motion, 

The space descrijied by a body moving uniformly la represented by (he product 
of the velocity into the time. 
With momenta, m varies aa 6 v. 

ExAKPLB. — ^Two bodies, one of 20, the other of 10 lbs., are impelled by the same 
momentum, say 60. They move uniformly, the first for -8 seconds, the second for 
6 ; what are the spaces described by both ?. 

- ^ e. or — ^3, and — = 6. 
t» ' 30 ^ 10 

Tben tv = 3x8 = 24 = «, and 6x6 == 36 = «. 

Thus the spaces are 34 and 38 respectively. 

Motion Uniformly Accelerated. 

- In 'this rooti<m, the velocity acquired at the end of any time whatever, is eqad 
to the product of the accelerating force into the time, and tbe space describe is 
equal to the product of half the accelerating force into the square of the time. 
The qiaees described in successive seconds of time are as the odd numbers, 1, 3» 

Gravity is a constant force, and its effect upon a body falling freely is represented 

byr- 

The following theorems are applicable to all cases of motion unifcurmly accelera- 
ted by any constant force : 

t 

•-"© gv "^kgr 

F=— =— == — 
gt gt* 2gs' 

When gravis acts alone, as when a body fails In a vertical line, F is omitte<^ 
and we have. 
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g ^ t 

NoTS.*-g i# tfM^M/y 92.14)6 frvm whst hoM htm ginn in rnle§ /«r OrovtCclJMi, 

and is the force of gravitff. 

If, instead of a heavy body fKUlitg freely, it be propelled Tertkally upward or 
downward with a given velocity, v, then 

an expreaaion in which ^ must be taken when the projection is upward, and -f- 
when it is downward. 

Let the two weights which are connected by the cord that goes over the pKiUef 
be represented by W and tp ; then 

=F in the fonnnle where F is (Uied ; so that 



W-H« 






. Or, if the i^ilstfuico of the frictloD and inertia of tM pi^lley be represented 1^ r^ 
then 

W-t p .^, 



. EzjLXPLK.— If by experiment it is ascertained tiiat two weights pf 5 and 3 lbs. 

hei 
measure of r? 



over a pulley, the heavier weight descended only 50 feet In 4 seconds, what is the 



If r is. not considered, th^ heavier weigbt would fall 64^ feet. 

And, as 5+3-fr : 54-3 : : 64^ : 50; 
That is . r : 54-3 : : 14{ : 50. 

Whence . . . r= ^^^33 3.89$ lbs., .Amw 

SO 



Ta»lb of the Effects of a rorce of TracHon of IQO lbs, at differeni Vdo^ 
dtieSj on Canals j RiaUroadSf and VnumpUces, 
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Ilw. 
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Mm. 


2i 


3.66 


55.500 


39.400 


14.400 


10.800 


1,800 


1.350 


3 


4.40 


38.542 


27.361 


14.400 


10.800 


1.800 


1.350 


3^ 


5.13 


28.316 


20. 100 


14.400 


10.800 


1.800 


1.350 


4 


5.86 


21.680 


15.390 


14.400 


10.800 


1.800 


1.350 


5 


7.33 


13.875 


9.850 


14.400 


10.800 


1.800 


1.350 


6 


8.80 


9.635 


6.840 


14.400 


10.800 


1.800 


1.850 


7 


10.26 


7.080 


5.026 


14.400 


10.800 


1.800 


1.350 


8 


11.73 


5.420 


3.848 


14.400 


iiO.800 


1.800 


1.350 


9 


13.20 


4.282 


3.040 


14.400 


10.800 


1.800 


1.350 


10 


14.66 


3.468 


2.462 


14.400 


10.800 


1.800 


1.850 


13.5 


19.9 


1.900 


1.350 


14.400 


10.800 


1.800 


1.350 



The load carried, added to the weight of the vessel or carriage which contains it| 
forms the total mass moved, and the useful effect is the load. 

The force of traction on a canal varies as the square of the velocity ; on a rail- 
road or mmpike the force of traction is donstant, but the mechanical poiwer neeee" 
tary to move the carriage incre^ies as the velocity. 
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PENDULUMS. 

The Vibrations of Pendulums are as the square roots of then: 
■lengths. The length of one vibrating seconds in New- York at the 
level of the sea is 39.1013 inches. 

To find the Length of a Pendulum for any Given Number of 

Vibrations in a Minute, 

Rule. — As the number of vibrations given is to 60, so is the 
square root of 39.1013 (the length of the pendulum that vibrates 
seconds) to the square root of the length of the pendulum required. 

Example. — What is the length of a pendulum that will make 80 

vibrations in a minute 1 

As ^^39. 1013x60 = 375, a constant number, 

375 
Then •— r- = 4.6875, and 4.6875* = 21.97 inches, Ant. 
80 

The lengths of pendulums for less or greater times is as the 

square of the times ; thus, for i a second it would be the square of 

39 1013 
J, or — *-r — = 9.7763 inches, the length of a i second pendulum 

at New- York. ^ 

To find the Number of Vibrations in a Minute^ the Length of the 

Pendulum being given. . 

RuLE.^As the square root of the length of the pendulum is to the 
sqnare root of 39.1013, so is 60 to the number of vibrations required. 

Example. — How many vibrations will a pendulum of 49 inch^ 

long make in a minute 1 

v'49 : ^39. 1013 : : 60 : number of vibrations. 

375 
Or, -7-- = 53.57 vibrations, Ans, 
v49 

» ■ - • 

To find the Length of a Pendulum^ the Vibrations qf which will 
be the same Number as the Inches in its Length. 

RuLB.-*-Square the cube root of *375, and the product is the an- 
swer. 

ExiMPLE.—^375 = 7;211»47, and 7.211247' == 52.002, Ans. 

The Length of a Pendulum being given, to find the Space through 
which a Body will fall in the Time that the Pendulum makes one 
Vibration. 

RoLE.—Multiply the length of the pendulum by 4.93482528, and it 
will give the answer. 

* 375 It the consmnt for the latitude of New- York; in any other place, maltfn? 
the iquare root of the length of the pendulum at that place by 60. 



,1^ CENTRE OF GTB^TION. 

Example. — ^The length of the pendulum is 39.1013 inches ; ivfaat is 
the distance a body will fall in one ribration of it 1 

39.1013x4.9348=: 192.9538 inches, or 16.8298 feet, An9. 

All vibrations of the same pendolam, whether great or amall, are perfbrmedvery 
neeirly in tbe same tiine. 

In a Simple Pendulum, which is, bb a ball, raspended by a rod or line,, supposed 
to be inflexible, and without weight, the length of tiie pendalum is the distance 
ftom its centre of gravity to its point of suspension. Otherwise, the length of tlie 
pendulum is the distance from the point of suspension to the CeiUre of OseiUationf* 
which does not coincide with the centre of gravity of the ball oi bob. 
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CENTRE OF GYRATION. 

The Centre of Gyration is the point in any revolving body, or 
system of bodies, that, if the whole quantity of matter 'were collect- 
ed in it, the angular velocity would be the same ; that is, the mo- 
mentum of the body or system of bodies is centred at this point. 

If a straight bar, equally thick, was struck at this point, the stroke 
would communicate the same angular velocity to the bar as if the 
whole bar was collected at that point. 

To find the Centre of Gyration. 

RuLB 1. — ^Multiply the weight of the several particles by the 
squares of their distanees in feet from tbe centre of motion, and 
divide tbe sum of the products by the weight of the entire mass ; 
the square root of the quotient will be the distance of the centre of 
gyration- from the centre of motion. 

Example.— If two weights of 3 and 4 lbs. respectively be laid 
upon a lever (which is here assumed to be without weight) at the 
respective distances of 1 and 2 feet, what is the distance of the 
centre of gyration from the centre of motion (the fulcrum) 1 
3X1" = 8. 4x2' = 16. 

^tH =i^ = 2.71, and v^2.71 = 1.64 feet, Ans. 

That is, a single weight of 7 lbs., placed at 1.64 feet from the fiil- 
enim, and revolving in the same time, would have the same impetus 
as the two weights in their respective places. 

* See Centre of Osciilatkui. 
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Rule 2. — Multiply the distance of the centre of oscillation, from 
the centre or point of suspension, by the distance of the centre of 
gravity fi'oai the 9aai6 poldt, and ^ s^ar^ root of the product wUi 
be the answer. 

Example. — The centre of oscillation is 9 feet, and that of gravity 
is 4 feet from the centre of the system, or point of suspension ; at 
what distance from this point is the centre of gyration 1 

9x4 = 36, and v^36 = 6 feet, Ant, 

The following are the distances of the centres of gyration from 
fhe centre of motion in various revolving bodies, as given by Mr. 
Farey: 

In a straight, uniform Rod, revplying about one end ; length of rod X*5T73. 

In a circular Plmte, revolving on its centre ; the radios of tiie drcle x.7071. 

In « cireular IfiaUt revolving abont one of Its. diainqten as an aj^is ; the radiu^ 
X.5. 

In a Wheel of uniform thickness, or in a Cylinder revolving about the axis ; the 
ndius X.7071. 

Jn & solid Spkero, revolving abont one of Its diameten as an axia ; the radios 
X.6335. 

In a thin, hollow Sphere^ revolving about one of its diameters as an axis ; the 
radius X.8164. 

In a Cone, revolving about its axis ; tlie radiuq of the circular base X<54T7. 

In a right-angled Cone, revolving about its vertex ; the height of the cone X.866. 

In a Paraboloid, revolving about its axia; the radius of the circular base X.5773. 

/« a straight Lever, the arms being S- and r, the distance of the centre of gyra- 

tion from the centre of motion = VoTo^T* 

«f(ll — r) 

Note. — 7!&« weight of the revolving lody, multiplied into the height due to the ve- 
ioeitf vitk wiieh the centre of gyration moves in its cirele, is tks energy of the bod]/, 
or the mechanical power which must be communicated to it to give it that motion, 

EzAMPLK. — In a solid sphere revolving about it^ diameter, the diameter being 3 
feet, the distance of the centre of gyration Is 13X^6^= T.50 incbea. 
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CENTRES OF PERCUSSION AND OSCILLATION. 

The Centres of Percussion and Oscillation beinsf in the same 
point, their properties are the Same, and their point is, that in a 
body revolving around a fixed axis, which, when stopped by any 
force, the whole motion, and tendency to motion, of the revolving 
body is stopped at the same time. 

It is also that point of a revolving body whiqh would strike any 
obstacle with the greatest effect, and from this property it has re- 
ceived the name of percussion. 

As in bodies at rest, the whole weight may be considered as col- 
lected in the centre of gravity ; so in bodies in motion, the whole 
force may be considered as concentrated in the centre of percus- 
sion : therefore, the weight of a bar or rod, multiplied by the dis- 
tance of the centre of gravity fh)m the point of suspension, will be 
equal to the force of the rod, divided by the distance of the centre 
of percussion from the same point. 

ExAMPLB.— The length of a fod being 20 feet, and the weight of a foot in length 
equal 100 oz., having a ball attached at die under end weigning 1000 oz., at what 
point of the rod fmni the point of suspension will be the centre of percussion 1* 

The weight of the rod is SOX 100 = 9000 oz., whidh. multipUed by half its length, 

SOOOX 10 = aOOOO, gives the momentum of the rod. The weight of the ball =: 1000 

oz., multiplied by the length of rod, ==1000X90, gives the momentum of the ball. 

Now the weight of the rod multiplied by the square of the length, and divided by 

2000 V 20^ 
3,= 1^ = 266066, the force of the rod, and the weight of the ball multi- 

plied by the square of the length of the rod, 1000X30' = 400000, is the force of the 

ball : therefore, the centre oif percuMion = ^^^^^^^j^^^|^ = 16.66 feet. 

*(/000~p.*UOUO 

EXA.MPLK. — Suppose a rod 12 feet long, and 2 lbs. each foot in length, with 2 balls 
of 3 Ibe. each, one fixed 6 feet from the p(Hnt of suspension, and the other at the 
end of the rod ; what is the distance between the points of suspension and percus- 
sion? 

12X 2X6 = 144, momentum of rod, 
3X 6 s= 18 •' of Ist ball, 

3X13 = 30 « of2d " 

196 

?~5^ = 1152, force of rod, 

3X 36= 108 " of 1st ball, 
3X144 = JM " of 2d ball, 

1692 
lfi92 
therefore the centre of percussion = --^ = 8.545 feet from the point of suspension* 

As the centre of percusdon is the same with the centre of ocdllaticm In the non-ap- 
plication to practical purposes, the following is the easiest and simple^ft mode of 
finding it in any beam, bar, tec. : 

Suspend the body very freely by a fixed point, and make it vibrate in small arcs, 
counting the number of vibrations it makes in any time, as a minute, and let the 
number of vibrations made in a minute be called n ; then shall the distance of the 

140850 
centre of oscillation from the point of suspension be = — -— inches. For the 

n' 
length otthe pendulum vibrating seconds, or 60 times in a minute, being 39| Inch' 

* a = 20 feet long, ) t abXa*+ea* 

6 = 100 oz. weight of a foot in length, > . .^ = centre of pereusrfon. | 

e = 1000 " fixed at end, $ iabXa-{-M '^ J 
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es, and the lengths of the pendulums being reciprocaUy as the square of the nnm 

her of vibrations made in the same time, therefore n* : 00" : : 30^ : ^— ^ =3 

140650 

— 2~> ^Nr ^c length' of the pendulum which Tibrates n times tn a minute, or 

the distance of the centre of oscillation below the axis of motion. 

Tjiere are many dcuaUons in which bodies are placed thut prevent the applica- 
tion of the above rule, and for this reason the following data are given, which will 
be found useful when the bodies and the forms here given correspond : 

1. If the body is a heavy, straight line of uniform density, and is suipeiided by 
one extremity, the distance of its centre of percussion is ) of its lengtli. 

2. In a slender rod of a cylindrical or prismatic shape, the breaBth of which is 
very small compared w|th its length, the distance of its centre of percussion is 
nearly § of its length fnm the tain of suspensiott. 

If these rods were formed so that all ^e points of their transverse sections werf 
equidistant from the axis of suspension, the distance of the centre of percuseioa 
would be exactly | of their length. 

3. In an Isosceles triangle, suspended by its apex, and vlbmdng in a. plane peiw 
pendicular to itself, the distance of the centre of percussion is } of its altitude. A 
line or rod, whose density varies as the distance from its extremity, or the point of 
suspension ; also Vly-vkmlSt 9r wheels t» general^ have the same relation as the 
isosceles triangle, the centre Of percussion oeing distant from the centre of suspen 
■Ion} of its length. 

4. In a very slender cone or pyramid, vibrating idXHit its apex, the distance of its 
centre of percussion is nearly | of its length. 

The distance of either of these centres from the axia ef metton is feimd thus : 
J(f the AxU of Motion, be in the verlbx of the figpre, ao4t|ie maf^ be flatwise ; 
then, in a right line, it is | of its length. 
In an Isoseeles Triangle =1% of its height. 
At a Ofrcfoi= ^ o^its radius, 
/tt a FeroMass-^ of its heights , . 

But if the bodies move sidewise, it Is, 

In a Circle == } of its diameter. 
' In a Reetetngle, suspended by one fti%l^ as § of ttie 4teiOMl- 

In a Parabola^ suspended by its veitez, ss ^ uds-f- j^pnrlMaeler; bat if suspendo 
^ed by the middle of its base, = ^ axk -\r ^ parameter. 

r ^» «. ^ ^ ^. , 3 X arc X radius 

4X chord. 
- ^ A '_. , radius of base ■ 

J2.V radius * 

In a Sphere = —, r, — r + radius 4-t,t representhig the length of the thread 

5(t X radius) ■ » r » o , 

by. which it is suspended. 

iSxAMPLK.— What must be the length of a rod without a weighty so that when 
hung by one -end it shall vibrate seconds ? 

To vibrate seconds, the centre of oscillation nHist be 99^1Q13 inches, firom tlyttof 
■uspension ; and as this must be I of the rod, 

. Then 9 : 3 : ; 39.1013 : 58.0510, JSns. 

Example. — ^What is the centre of percussion of a rod 83 inches long 1 
) of 23= 15.3 inches from the point of suspension or motion. 

Bxiunpits^— In 4 sphere of 10 inches diameter, the threa4 by which It is suspend- 
ed being 90 jyacbes* where is the centre of" percussion or oscillation 1 

These centres are in the same point only when the body is symmetrical with 
regard to the plane of motion, or when it is a solid of revolution, which is com* 
monly the case. 
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CENTRAL FORCES. 

All bodies moving around a eentre or fixed point have a tendency 
to fly off in a straight line : this is called the Centrifugal Force ; it 
18 opposed to the Centripetal Force, or that power which maintains 
the body in its curvilineal path. 

The centrifugal force of a body, moving with diflferent velocities in 
the same circle, is proportional to the square of the velocity. Thus, 
the centrifugal force of a body making 10 revolutions in a minute is 
four times as great as the centrifugal force of the same body making 
6 revolutions in a minute. 

To find the Centrifugal Force of any Body, 

Rule 1. — Divide the velocity in feet per second by 4.01, also the 
square of the quotient by the diameter of the circle; the quotient 
is the centrifugal force, assuming the weight of the body as 1. 
Then this, multiplied by the weight of the body, is the centrifugal 
force. 

Example. — ^What is the centrifugal force of the rim of a fly- 
wheel 10 feet in diameter, running with a velocity of 30 feet in a 
second 1 . " 

30-r4.0lx7.48-M0 = 6.59 times the weight of the rim, ^n*. 

NoTK.— Wben great aecttraey is reqnii>ed,'iind the centre of gyraHoaof the body 
and .take twice the distanpe of it from the.ajua for the diameter. 

Rule 2. — Multiply the square of the number of revolutions in a 
minute by the diameter of the circle in feet, and divide the product 
by the constant number 5870 ; the quotient is the centrifugal force 
when the weight of the body is 1. Then, as in the preTious rule, 
this quotient, multiplied by the weight of the body, is the centrifu- 
gal force. 

Example. — What is the centrifugal force of a grindstone, weigh- 
ing 1200 lbs., 42 inches in diameter, and turning with a velocity of 
400 revolutions in a minute 1 

^y^ X 1200 = 1 14480 lbs., Ans, 

The central forces are as the radii of the circles directly, and the squarss of tbe 
times inversely ; also, the squares of the times are as the cubes of the distance*. 

Hence, let o represent Telocity of body inffeetper second, 
to " weight of body, 
r " radius of circle of revolution, 
o ** centrifugal force. 

__ u'Xw . f>*Xw 

Then ■ = e, and ■ = r * 

rX38 ' cxa2 ^' 



and 



eX32Xr , YrX32Xc 



, yrX32Xc\ 
= 10, and -v/V, — ^ — )=*' 
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Dr. Brewster has furnished the following : 

1. The centrifugal forces of two imequal bodies, having the same velocity, and 
at the same distance from the central body, are to one another as the respective 
quantities of matter in the two bodies. 

S. The centrifugal forces of two equal bodies, wl^ich perform their revolutions In 
the same time, but are different distances from their axis, are to one another aa 
their respective- distances from their axis. 

3. The. centrifugal forces of two bodies, which perform their revolutions in the 
same time, and whose quantities of matter are inversely as their distances from Uie 
centre, are equal to one another. *' 

4. The centrifugal forces of two equal bodies, moving at equal distances from 
the •centml body, but with ditiGereat velocities, are to one another as the squares of 
their velocities. 

5. The centrifugal forces of two equnl bodies, moving with equal velocities at 
different distances from the centre, are inversely us their distances from the centre. 

6. The centrifugal forces of two unequal bodies, moving with eq.ual velocities at 
different distances from the centre, are to one another as their quantities' of matter 
muUiplied by their respective dU^tances from the centre. 

7. The centrifugal forces of two unequal bodies, having unequal velocities, and 
at different distances from the4r axis, are, in the crnnpound ratio of their quantities 
of matter, the squares of their velocities, and their dii|tances from the centre. 

The weight of the rim of a f!y-wh'eel for a 20 horse engine is 6000 lbs., the dfam 
9ter 16 feet, and the revolutions 45 ; what is its centrifugal force 1 

33120 lbs., Ant. 

Suififf ART. — ^Let b represent any particle of a body 6, and d its distance from the 
axis of motion, S. 
6, O, R, the centres of Gravity, Oscillation, and Gyration 

Theni^ = SG. 



/-^= 
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FLY-WHEELS. 

To find the Weight of Fly-wheels. 

Rule.— Multiply the horses* power of the engine by 2240, and 
divide the product by the square of the Velocity of the circumfer- 
ence of the Vheel in feet per second ; the quotient will be the 
weight in 100 lbs. 

Example. — The power of an engitie is 39 horses, the diametet of 
the wheel 14 feet, and the revolutions 40; what should be the 
weight of the wheel 1 

36x2240-r40xUX3.14l6-T-60 =^^X 100 = 9130 lbs. 

odo.o 

The weight of the wheel in engines that are subjected to irrego* 
lar motion, as in the cotton-press, rolling-mill, -d&c., must be greater 
than in others where so sudden a check is not experienced, and 3000 
would be a better multiplier in such cases. 



GOVERNORS. 

The Governor acts upon the principle of central forces. 

When the balls diverge, the ring or the vertical shaft raises, and 
that in proportion to the increase of the velocity squared ; or, the 
square roots of the distances of the ring from the top, corresponding 
to two velocities, will be as these velocities. 

Example. — If a goTemor make 6 revolutions in a second when 
the ring is 16 inches from the top, what will be the distance of the 
ring when the speed is increased to 10 revolutions in the same 
timet 

As 10 : 6) : : ^16 inches : 2.4 inches, which, squared, is 5.76 
inches, the distance of the ring from the top. 

A governor performs in one minute half as many revolutions as 
a pendulum vibrates, the length of which is the perpendicular dis- 
tance between the plane in which the balls move and the centre of 
suspension. 
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GUNNERY. 

It has been ascertained by experiment that the velocity of the ball 
projected from a gun varies as the square root of the charge direct- 
ly, and as the square root of the weight of the ball reciprocally. — 
Hutton. 

The same author furnishes the following practical rules : 

To find the Velocity of any Shot or Shell. 

KuLE. — ^As the square root of the weight of the shot is to the 
square root of the weight of treble the weight of the powder, both 
taken in pounds, so is 1600 to the velocity in feet per second. 

Example. — ^What is the velocity of a shot of 196 lbs., projected 
with a charge of 9 lbs. of powder? 

14 : 5.2 : : 1600 : 594, Ans, 

When the Range for one Charge is given, to find the Range for 
(mother Charge, or the Charge for another Range. 

KoLE. — ^The ranges have the same proportion as the charges ; 
that is, as one range is to its charge, so is any other range to its 
charge, the elevation of the piece being the same in both cases. 

Example. — If, with a charge of 9 lbs. of powder, a shot range 4000 
feet, how far will a charge of 6| lbs. project the same shot at the 
same elevation t 

9 : 6.75 : : 4600 : 3000, An*. 

(riven the Range for one Elevation, to find the Range at another 

Elevation. 

' Rdle. — As the sine of doable the first elevation is to its range, so 
is the sine of double another elevation to its range. 

Example. — If a shot range 1000 yards when projected at an ele- 
vation of 45°, how far will it range when the elevation is 30° 16', 
the charge of powder being the samet 

Sine of 45° X2 = 100000, 

Sine of 30° 16' X2= 87064. 

Then, as 100000 : 1000 : : 87064 : 870.64, Ans. 

Example. — ^The range of a shell at 45° elevation being 3750 feet, 
at what elevation must a gun be set for a shell to strike an object 
at the distance of 2810 feet with the same charge of powder 1 

As 3750 : 100000 : : 2810 : 74934, the sine for double the eleva- 
tion of 240 16', or of 65° 44', Ans. 

R 
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FKICTION. 

ExPEBtMENTS upon the effect of this branch of mechanical science 
are as yet not of such a nature as to furnish deductions for very 
satisfactory rules. 

The friction of planed woods and polished metals, without lubri- 
cation, upon one another, is about \ of the pressure. 

Friction does not increase with the increase of the rubbing sur- 
faces. 

The friction of metals is nearly constant; that of woods seems to 
increase with action. 

The friction of a cylinder rolling upon a plane is as the pressure, 
and inversely as its diameter. 

The friction of wheels is as the diameter of their axes directly, 
and as the diameter of the wlieel inversely. 

Friction is at a maximum after a state of rest ; the addition is aa 
the fifth root of the time. 

The following are Hie regolts f^ soni« experiments, toithout lubriaUiojit as given 
by Adcock : 

FBICTION AFTER A STATE OF REST. 

At a mazimam, oak on oak, ^^^^ ^'^ w«i^t, aecoFcUng to the magnitndo 

of the surface; for oak on pine, tt ; for pine on pine, ,-— f for elm on elm> 2.1s oC 
the weight, the fibres moving longitudinally. 
When they cross at right angles, the friction of oak is rr; ; for iron on oak, •=-? » 

9.70 0<Q 

for iron on iron, g^ ; for iron on brass, g, the Burfkcat well polished ; but when 

la^er, and not so smooth, g^. 

For iron on copper, with tallow, the friction Is -jL- of the weight ; when olivd 
^11 is used, the friction is increased to ^. 

T%e Friction on a level Railroad of a Locomotive is about | ; that is, an engine 
we^liing 10 tons has a tractive power of 3 tons by the fkictionof th&tur&css of iH 
*yheels upon the rtUls. 

FRICTION OF BODIES IN MOTION, 
Without Lvbrieation, 

When the surfaces are large, the friction ineteises with velocity. 

For a pressure of from 100 to 4000 lbs. on a square foot, for oak on oak, the Mo* 

tion is about g-g, besides a resistance of about 1| lbs. for each square foot, independ- 
ent of' the pressure. When the surihce is very small, the fHction is somewhat 
diminished. For oak on pine, the friction is t^ ; for pine on p|ne, ^ ; for iron or 

copper on wood, ^ which is much increased by an increase of ithe-mstocity ; for 

iron on iron, ^rr ; for Iron on copper, -- ; after much use, r at all velocities. 

Where the unctuous matter is interposed between the surfaces, the hardest were 
found to diminish the friction most where the weight was great. Tallow, applied 
between oak, reduced the friction to ^ of the pressure. When the surfaces aif 
very small, tallow loses its effect, and the friction is increased to -X ; the adhesioo 
was about 7 lbs. per squiire foot. 
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With tallow between iron on oak, the friction is ^j ; with brass on oak, ^\ ; 

for iron on iron, the friction is y'^ adhesion 1 lb. for 15 square inches ; on copper, 

1^ adhesion 1 lb. for 13 square inches; widisoft grease or oil, the friction of iron 

on copper and brass was \ and \, 

On the whole, in most machines, | of the pressure is a &ir estimate of the fric- 
tion. 

FRICTION ON AXES. 

For axes of iron on rapper, ^ where the velocity was small, the friction being 
Always a little less than for plane surfaces. An axis of iron, with a pulley of gua 
iacum, gave, with tallow, -^jf, 

FRICTION AND RIGIDITY OF CORDAGE, 

• Wet ropes, if small, are a little mdn flexible than dry ; if large, a little less flexi 
ble. Taired ropea are stiflbr by about ^, ami in cold weather somewhat more. 



FRICTION OF PIVOTS. 
When the angle of the summit of the pivot is about 180 or SOP, the fricticn tea 

famet is ^m ^ T^W'* ""S"*®' m» "** «y»tol, ^l gia", ttt • "^^ "^^^ 
(tempered), j^. At an angle of 450 the friction is much reduced, and the fkktion 
6f agate and steel are then nearly equal. 

Notes. — In general^ friction is increased iU the ratio of the weight. 

Between woods, the friction is less when the grains croMS eaek eihsr tiJum wAm 
Uuy are placed in the same direction, 

FrieUon is grsvtsr hetiatem swfkeea iff tkt asuks kind than betmsen nufaees of 
d^erent kinds. 

The het^ Lubricators are, and hi the folIOTdng order: Tallow; 
Oil, and Bhick-lead. . 
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HEAT. 

Heat, in the ordinary application of the word, signifies, or, rather, 
implies the sensation experienced upon touching a body hotter, or 
of a higher temperature than the part or parts which we bring into 
contact with it ; in another sense, it is used to express the cause 
of that sensation. 

To avoid any ambiguity that may arise from the use of the same 
expression, it is usual and proper to employ the word Caloric to sig- 
nify the principle or cause of the sensation of heat. 

Caloric is usually treated of as a material substance, though its 
claims to this distinction are not decided ; the strongest argument 
in favour of this position is that of its power of radiation. On 
touching a hot body, caloric passes from it, and excites the feeling 
of warmth ; when we touch a body having a lower temperature than 
our hand, caloric passes from the hand to it, and thus arises the 
sensation of cold. 



COMMtrniCATION OF CALOBIC. 

Caloric passes through different bodies with diflbrent degrees of velocity. Thts 
has led to the division of bodies into eotidmetort and non-e<mdueters of calorie ; the 
former includes such as metals, which allow caloric to pass freely through their 
substance, and the latter comprises those that do not give an easy passage to it, 
•acta aa stoiiM, glass, wood, charcoal, Ax. 

Table of the relaiiw CondwHng Power of AiffererU Bodies, 



Gold . 


. 1000 


Silver 


. 973 


Iron . 


. 374 


Tin . 


. 804 


Marble 


24 


Fire-brick . 


.. . 11 



Platinum 

Copper 

Zinc . 

Lead 

Porcelain 

Fire-clay 

With Water as the Standard, 



Water 
Pine . 
Lime 
Oak . 



10 


Elm . 


39 


Ash . 


39 


Apple 


33 


Ebony 



981 

898 

363 

180 
12.2 
11.4 



82 
31 
28 
22 



Relative Conducting Power of different Substances compared with 

each other. 



Hare's fur 
Eider-down 
Beaver's fur 
Raw silk . 
Wool 
Lamp-black 



Mercury 
Water 



Cotton 
Lint . 
Charcoal . 
Ashes (wood) 
Sewing-silk 
Air . 

Relative Conducting Power of Fluids. 

. 1.000 I Proof Spirit 
• .357 I Alcohol (pure) 





. 1.315 




, 1.306 




1.296 




, 1.284 




. 1.118 




. 1.117 



1.046 
1.032 
.987 
.927 
.917 
.676 



.812 
.238 
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RADIATION OF CALORIC. 

Whim heated bodies are exposed to the air, they lose portions of their heat, by 
prajectioii in right line^ into space, from all parts of their surface. 

Bodies which radiate heat best absorb it best. 

BadiatioB is alfeeted by the nature of the surfiice of the body ; thus, black and 
lOugh suriiieet radiate and absorb more heat than light and polished surfaces. 

Tablb ef ike RadiaLmg Power of different Bodies, 



Water lOQ 

lAQip-black «... 100 

Writing paper .... 100 

Glass 90 

India ink 88 

Bright lead .... 19 

Silver 13 



Blackened tin . . . .100 

Clean " 12 

Scraped " . . . .16 
Ice . . .- . . .85 

Mercury 20 

Polished iron . . . .15 
Copper 13 



RKFLzcTf ON or Caimkm is the reverse of Radiation^ and the one increases aa 
Ihe other diminishes. 

SPECIFIC CALORIC. 

Sncinc Caloric is that which is absorbed by different bodies of equal weights 
cr volumes when (heir temperature is equal, based upon the law, acknowledged as 
universal, that aitnilar fuantities of different bodies require- unequai guantitieg of 
etUorie at any given temperature. Dr. Black termed this, capacity for caloric ; but 
as this term was supposed to be suggested by the idea that the caloric present in 
any substance is contained in its pores, and, consequently, the capacities of bodies 
for caloric would be inversely as their densities ; and such riot bcifig the case, this 
word is aptto i^ve an incorrect notion, unless it is remembered that it is but an ex- 
pression of feet, and not of cause ; and to avoid error,. the word specific was propo- 
sed, and is now very generally adopted. 

It is important to know the relative specific caloric of bodies. The most conve- 
nient method of discovering it is by mixing different substances togethei* at differ- 
ent temperatures, and noting the temperature of the mixture ; and by experiments 
It appears that the same- quantity of caloric imparts twice as high a temperalure 
to mercury as to an equal quantity of water ; thus, when water at 100*^ and mer- 
cory at 40^ are mixed together, tlie mixture will be at 80P, the VP lost by the water 
causing a rise of ASP in the mercury ; and when weights are substituted for meaa- 
ures, the fact is strikingly illustrated ; for instance, on mixing a pound of mercury 
at 40^ with a poomd of water at 160^, a thermometer placed in it will stand at 
S5SO. Thus it appears that the same quantity of caloric imparts twice as high a 
temperature to mercury as to an equal volume of water, and that the heat which 
l^ves 50 to water will mise an equal weight of mercury 115^, being the ratio of 1 
to 83k Hence, if equal quantities of caloric be added to equal weights of water and 
mercury, their temperatures will be expressed in relatk>n to each other by the 
numbers 1 and 23 ; or, in order to increase the temperotnre of equal weights of 
those subrtances to the same extent, the water will require 23 times as much cal- 
orie as the mercury. 

The rule (br finding by calculation, combined with experiment, 
the relative capacities of different bodies, is this : 

Multiply the weight of each body by the number of degrees lost 
or gained by the mixture, and the capacities of the bodies will be 
inversely as the products. 

Or, if the bodies be mingled in unequal quantities, the capacities 
of the bodies will be reciprocally as the quantities of matter, multi- 
plied into their respective changes of temperature. • 



The general fa^ reepecting tpecific caloric are uafoUotBa : 

1. Every subslanee hae a specific heat peculiar to itself, whence a change 
CTBy p««irinn will be attended by a chang of capaciQr for caloric. 
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HEAT. 



2. The fpecific heat of a body varies with its fonn. A solid has a less eapadtf 
for caloric than the same substance wben in the state of a liquid ; the specific hesU 
of water, for instance, being 9 in the solid state, and 10 in the liquid. 

3. The specific heat of equal weights of the same gas increases as the deiuitf 
decreases ; the exact rate of increase is not known, but the ratio is less rapid thaa 
tbe diminution In density. 

. 4. Change of capacity for caloric always occasions a change of temperature. In 
crease in the former is attended by diminution of tbe latter, and vice versa. 

Tables of the Specific Heat of various SuhMtances. 
1. Air taken as unity< 



Air 


• • • 


Equal ToIuttM. 

1.000 


Equal weigblg. 

1.000 


Hydrogen 
Carbonic acid 


.903 
1.268 


12.340 
.828 


Oxygen 
defiant gas . 


976 

1.553 


.884 
1.576 


The specific heat 
lantity of water. 


of the foregoing compared with that of an eqn 


Water 
Air . 


. 1.000 
. .2669 


Hydrogen . 
Carbonic acid 


. 3.293 

. .221 


Oxygen . 


. .2361 


Olefiant gas 


. .420 




2. Water taken as unity. 




Bismuth . 


. .0288 


Tellurium 


. .0912 


Ijcad 
Gold 


. .0293 
. .0398 


Copper 
Nickel 


. .0949 
. .1035 


Platinum . 


. .0314 


Iron . 


. .1100 


Tin . 


. .0514 


Cobalt 


. '.1498 


Silver 
Zinc 


. .0557 
. .0927 


Sulphur . 
Mercury . 


. .1880 
. .0330 



1.0000 
.0330 



a) 



ofa 



Illustratiom.— If 1 lb. of coal will heat 1 lb. of water to lOQO, 
lb. will heat 1 lb. of mercury to lOO®. 

The term Capacity for heat means the relative powers of bodies, in receivinf and 
tetaining heat, in being raised to any given temperature ; while Specific applies to 
the actual quantity of heat so received and retained. 

When a body has its density increased, its capacity for heat is dhninlshed. The 
rapid reduction of air to | of its volume evolves heat suffident to inflame tinder. 

Table shotoing the relative Capacity for Heat of various Bodies. 





Equal weisbti. Equal vol. 




Glass 


.187 .448 


Silver 


Iron . 


.126 .993 


Tin . 


Brass 


.116 .971 


Gold . 


Copper 


.114 1.027 


Lead 


Zinc . 


.102 — 





Equal wet^li. 
.082 

.060 
.050 
.043 



Eqvalvol. 

.833 

.966 
.487 



Latent Caloric is that which is insensible to the touch, or incapable of being 
detected by the thermometer. The quantity of heat necessary to enable ice to 
assume the fluid state is equal to that which would raise the temperature of the 
same weight of water 140^ ; and an equal quantity of heat is set free fh>m water 
when it assumes the solid form. 

If 5i lbs. of water, at the temperature of 33^, be placed in a vessel, ocmmiuiieii- 
ting with another one (in which water is Icept constantly bt^ltng at the tempera- 
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tare of2l9P„ tintil the former reaches this temperature of the latter quantity, then 
, let it be weighed, and it will he found to weigh 6^ lbs., showing that 1 lb. of water 
has been received in the form of steam through the communication, and reconvert* 
ed into water by the lower temperature in the vessel. 

Now this pound of water, received in the form of steam, had, when in that form, 
8 temperature of 212<^. It is now converted into the liquid form, and still retains 
the same temperature of 9120; but it has caused 5^ lbs. of water to rise from the 
temperature of 32© to 212°, and this without losing any temperature of itself. It 
follows, then, that in returning to the liquid state, it has parted with 5i times the 
Rianber of degrees of temperature between 320 and 212°, which are equal 180O, 
and 1800x5^=9900. Now this heat was combined with the steam ; but as it is 
not sensible to a thermometer, it is called Latent. 

It is shown, then, that a pound of water, in pa<s^ng from a liquid at 2120 to 
steam at 2120, receives as much heat as would be sc^teient to raise it through 990 
thermometiic degrees, if that heat, Instead of becoming latent, had been Sensible, 

The 9um of the Sensible and Latent heat of Steam is always the same 
at any one temperature ; thus, 990O+21 2** = 1202°. 

If to a pound of newly-fallen snow were added a pound of water 
at 172®, the snow would be melted, and 32^ will b« the resulting 
temperature. 

Latent Heat of Steam, and several Vapours, 



Steam . 


990<» 


Nitric acid 


632<> 


Alcohol . 


442« 


Vinegar . 


876° 


Ether . 


302<' 







Sensible Caloric is free and uncombined, passing from one sub- 
stance to another, affecting the senses in its passage, determining 
the height of the thermometer, and giving rise to all the results 
which are attributed to this active principle. 

To reduce the Degrees of a Fahrenheit Thermometer to those of 

Reaumur and the Centigrade, 

FAHRENHEIT TO REAUMUR. 

RfTLB. — Multiply the number of degrees above or below the freest 
ing point by 4, and divide by 9. 

Thus, 212^.-32 = 180X4 = 720-7-9 = 80, Ans. 
-f-240— 32= 8X4= 32-7-9 = 3.5, X«*. 

FAHRENHEIT TO CENTIGRADE. 

Rule. — Multiply the number of degrees above or below the freez- 
ing point by 6, and divide by 9. 

Thus, 212°— 32 =180x5 = 900-r9 = 100, Ans. 

Medium Heat of the globe is placed at 50° ; at the torrid zone, 
75° ; at moderate climates, 50° ; near the polar regions, 36°. 

The extremes oi natural heat are from r— 70° to 120° ; of artificial 
heat, from --91* to 36000°. 



too BBAT. 

EVIPORATION. 

Evaporation prodaces cold, because heat must be absorbed to fbrm vapour. 

EvaporaUoD proceeds only from the earflice of the fluidf, and therefore mA« 
tikingt efuai most depend upon die extent of surface exposed. 

When a liquid is covered by a stratum of dry air, evaporation Is nptd, tvok 
when the temperature is low. 

As a large quantity of caloric passes fWrni a sensible to a latent state durlnf^ the 
fbrmatlon of vapour, it fbHoWs that cold is generated by evaporation. 

CONGELATIOir AND LIQUEFACTION. 

Freezing water gives out 140^ of heat. Water may be cooled to 30^. All solids 
absorb heat when becoming fluid. 

The particular quantity of heat which renders a substance fluid is called its cal- 
orie of fluidity, or latent heat. 
■ The heat absorbed in liquefaction is given out again in freezing. 

Fluidt Ml tm vueuo mih 194^ /ess ofhe^a than uhm under thi^reasmre 0fih$ah 
motphere. On Mont Blanc water boUs at 187^. 

DISTILLATION. 

Distillation is the depriving vapour of Its latent heat, and, though it mar be ef- 
fected in vacuo with very little heat, no advantage in regard to a sa^ng or fuel is 
gained, as the latent heat of vapour is increased in proportion to the dinunution of 
sensible heat. 

Tasle of Effects upon Bodies by Heat. 

Wedgeweod. FshraBhelt. 

Chinese porcelain, softened ...... 156^ 21 3579 

Ca^t iron, thoroiighly smelted 150^ 90577O 

" " begins to melt 130© 179770 

Sraitii's foige, greatest heat ViSf* 173970 , 

8tone-ware, bakes lOSO 1433TO - 

Welding heat of iron (greatest) 950 134370 

" (least) 90O 12777© 

Plate glass, working heat 570 84870 

Fine gold, melto .' ..320 53370 

Fine silver, melts 28© 4717© 

Copper, melts 270 4S870 

firas8,melu SP 38070 

Bed heat, visible by day — 1077^ 

Iron, red hot in twilight — 884P 

Common fire » • -*• TWO 

Iron, bright red in the dark -^ 7530 

Zinc, melts — TQQO 

auicksilver, boils *- 6600 

Linseed oil, boils — flOQO 

Lead, melts — 5940 

Bismuth, melts . — 4700 

Tin, melts — 4130 

Tin and bismuth, equal parts, melt ....—> 3830 

Tin 3 parts, bismuth S, and lead 2, melt . . • -~ 2180 

Alcohol, bolls — 17|0 

Ether, boils — MP • 

Human blood (heat of) — 960 ' 

Strong wines, freeze - . • ^^ SQO 

Brandy, freezes ^- 70 

Mercury, melts — — 390 

Wedgewood's zero is 1077O of Fahrenheit, and each of his degrees is equal to 
laoo of Fahrenheit. 
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MISCELLANEOUS. 

FRIGOBIFIC MIXTUBES. 



Mix' 



9 parts} 
6 " > 
4 *• S 



Nitrate of Ammoiiia 1 part ) 

Water . . 1 " J 

Phosphate of Soda 9 parts 
Nitrate of Ammoiiia 
DUute Nitric Acid 

Salphate of Soda 8 parts ( 

Muriatic Acid . 5 " $ 

Snow ... 8 parts > 

Muriate of Lime . 3 " f 

Snow ... 8 parts ) 
DUute Sulphuric Acid 10 '' $ 

Snow ... 3 parts ) 

Potash . . • 4 ** ) 



ordegreesrfcoldproducad. «pe««"»«nl»IL 



460 

710 

50O 
530 

230 
830 



Fiom + 50Oto+ 40 

From+500to-^21o 

From + 50Oto (P 
From— 150 to— 680 
From— 680 to— 90O 
From +320 to— 510 





EFFECTS OF HEAT. 


Fkhranheit. 


Wedgewood. 




— 90O 


^_ 


Greatest cold ever produced. 


•-50O 


— 


Natural cold at Hudson's Bay. 





— 


Snow and salt, equal parts. 


+430 


— 


Phosphorus bums. 


00© to 770 


— 


Vinous fermentation. 


780 


— 


Acetous fermentation begins. » 


880 


— 


Acetification ends. 


6380 


— 


Lowest heat of ignition of iron in the dark. 


8OOO 


.^ 


Charcoal bums. 


8400O 


57 


Working heat of plate glass. 


143370 


102 


Stone ware, fired. 


I68O70 


124 


Greatest heat of plate glass. 
Greatest heat observed. 


251270 


185 



EXPANSION OF SOLIDS. 
At 2130, the length of the bar at 320 considered as 1.0000000. 



Gold .... .0014950 

Copper .... .0017450 

Brass .... .0019002 

Silver .... .0020100 

Tin ... . .0036785 

Lead .... .0028436 

Zinc .... .0029420 

7\fjbul the exptauum in Surface^ double the above; in Volume^ triple them. 

Table of the Expansion of Air by Heat. 
By Mr. Dalton. 



Glass . . . . 


.0008545 
.0009542 


Cast Iron 


.0011112 


Steel . . . . 


.0011899 


** afnealed 
Forge^Iron . 
Iron wire 


.0012200 


.0012575 


. .0014410 



FkliranlMit 



320 1000 

330 1002 

340 1004 

350 1107 

400 .1021 

450 1032 




Falirenheit 



80O 1110 

850 1121 

90O 1132 

1000 1153 

2000 1354 

2120 law 



ioi 
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MSLTINO POIKT OF ALUXXB. 
Lead 3 pai1% Tin 3 partly BUmatb 5 psna, inelta at 



LaadSpartiy 



9 
1 






M 


4 


tt 


It 


1 


M 


u 


9 


tt 


t( 


3 


(i 


14 


8 


U 


(( 


1 


u 


il 


8 


a 



41 
14 



5 ** inelta at 

1 " meitt at 

1 " inelta at 

inelta at 

" 1 " DMdtsat 

coromon solder melts at 

uott solder melts at 



3180 
2460 
3860 
3360 
3340 
3980 
4750 
3«P 



i 



Gtn9F9WBSR. 



aos 



GUNPOWDER. 



FB0F0RTI0N8 OF IN6KEDIBJNT8. 



ht TBK UkXTKI) StJlTIS. 

Military wnrica 

Sporting 

In ENaLAHO. 
Military service 
Sporting 

In Franck. 
Military service 
Sporting 
Blasting 



Stitpetra. 
75. 
76. 
78. 
77. 

7(k 
78, 
7& 

75. 

78. 
76. 
63. 



CbtrcoKi. 
15. 
14 
18. 
13. 

15. 
14. 
17. 

1S.5 

12. 

14. 

18. 



BvlplMV. 
10. 
10. 
10. 
10. 



10. 

a 

8. 



1JL5 
10. 
10. 
90. 



GBANTTLATION. 

Diameter of sieve holes for Cawioa powder 
" •* Muiiget *' 

" « Kifle " 



.071^ to .lOOinchea 
.050 " .070 " 
.0S5 '* JOSS •* 



DENSITY OF POWDER. 



SizeefOnia. 



Cannon 
Mmket 
Rifle 
Sporting 



Specific Gravity. 



1.630 
1.538 
1.535 
1.800 



Number of 
gntim in 10 trojr 



350 

700 

16.000 

35.000 



Weight of 1 cubic foot. 



JLpwe. 



OS. 

9S2 

000 
860 
885 



SRnkflih 



I Cable 
jiiw. In 1 
IblUoM. 



ot. 

1.000 
900 
060 

1.035 



30 
31 
38 
31 



To find how much Powder will fill a Shell, 
Multiply the cube of the interior diameter in inches by .01744. 

EzAMPLB.— How much powder will fill a shelli the internal diam- 
eter being 9 incheffl 

9»X. 01744= 12.71 lbs., Ans. 

DISIENSIONS OF POWDER BABRELS. 

Whole length 

Length, interior in the clear 
Infenor diameter at the head 
'* " at the bilge 

Thicloiesa of staves Jind heads 
Weight of Irarrels about 

Pf^ ijf Po«<fcr.*-One ok. with a ^ IK bhlf, 
at any one time, must not be less than 850 yards ; but none ranging beld'w 885 
yards is received. 

Powder in magazfaiea that does not range over 180 yards is considered unservice^ 
able. 

Qood powder averages from 380 to 300 yards ; small grain from 300 to 320 yards. 
' The greatest initial velocin^is obtained by powder of great specUlo gravity and 
of very coarse grain, giving 130 grains to 10 grains troy. , -^ 



S0.5 inches. 
18. '* 
14. •♦ 
16. " 
.5 " 
95* Ihe. 

The mean range of new, proved 
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LIGHT. 

LiOHT is similar to caloric in many of its qualities, being emitted in the form of 
rays, and subject to the same laws of reflection. 

It is of two kinds, MitunU and Artificiai; the one proceeding from the son and 
stars, the other from heated bodies. 

Solids shine in the dark only when heated from 60OO to TOQO, and in daylight 
when the temperature reaches 100(P. 

Relative intensity of light from the burning of various bodies is, for wax, 101 
parts; tallow, 100; -oil in an Argand lamp^ 110; in a common lamp, 129; and an 
ill-snuflbd candle, 3S9> * .... 

By experiments on coal gas, it appears that above 30 cubic feet are required to 
produce light equal in duration and in illuminating powers to a pound of tallow 
candles, six to a pound, set up and burned out one aAer the other. 

In distilling 56 Iba coal, the quantity of gas produced in cubic feet when the dis- 
tillatioh was efiectod in 3 hours was 41.3, in 7 hoUrs 37.5, in 20 hours 33.5, and in 
85 houra 31.7. 



TONNAGE. 

Bt a law of Congress, the tonnage of vessels is found as follows ; 

FOR A DOUBLE-DECKED. 

Take the length from the fore part of the stem to the after side 
of the sternpost above the upper deck ; the breadth at the broadest 
part above the main wales ; half of this breadth must be taken as 
thie depth of the vessel ; then deduct from the length § of the breadth, 
multiply the remainder by the breadth, and the product by the depth ;. 
divide this last product by 95, and the quotient is the tonnage. 

Example. — What is the tonnage of a ship of the line, measuring, 
as above, 210 feet on deck, and 59 feet in breath t 
59—2= 29.6, depth. 
210—5 of 69 = 174.6x59x29.5-7-95 = 3198.8 tons. , 

FOR A SINGLE-DECKED. 

Take the length and breadth as above directed for a double-deck- 
ed, and deduct from' the leifgth | of the breadth ; take the depth 
from the under side of the deck-plank to the ceiling of the hold ; then 
proceed as before. 

Example. — The length of a vessel is (as above) 223 feet, the 
breadth 39i feet, and the depth of hold 23ii feet ; what is the ton- 
nage 1 

223— f of 39.5 = 199.3 X39.5X23.6-T-95 =1947.3 tons. 

A ton will stow ^\ bales cotton. 

Note.— The burden of similar ships are to each other as the cubes oif their likt 
oimendons. 
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CARPENTERS' MEASUREMENT. 
FOR A SINGLE-DECKED. 

Multiply the length df keel, the breadth of beam, and the depth of 
the hold together, and. divide by 95. 

FOR A DOUBLE-DECKED. 

Multiply as above, taking half the breadth of beam for the depth 
of the hold, and divide by 95. 



To find the Tonnage of English Vessels. 

RuLK.— Divide the length of the upper deck between the afterpart of the stem 
and the forepart of the stempost into 6 equal parts^ and note the foremost, middle, 
and aftermost points of division. Measure the depths at these thzee points in feet, 
and tenths of a foot, also the d^ths tjpom the under side of the upper deck to the 
ceiling at the limber strake ; or, in case of a break in the upper deck, from a line 
stretched in continuation of the deck. For the breadtkt^ divide each depth into 5 
equal parts, and measure the inside breadths at the following points, viz. : at i and 
at f from the upper deck of the foremost and aftermost depths, and at | and | from 
the upper deck of the midship depUi. Take the length, at half the midship depth, 
from the afterpart of the stem to the forepart of the stempost. 

Then, to twice the midship depthi add the foremost and aftermost depths for the 
sum of the depths ; and add together the foremost upper and lower breadths, 3 
times the upper breadth with the lower breadth at the midship, and the upper and 
twice the lower breadth at the after divisicMi for the sum of the breadths. 

Multijdy together the sum of the depths, the sum of Uie breadths, and the length, 
and divide the product by 3500, which will give the number of tons, or register. 

If the vessel have a poop or half^eck, or a break in the upper deck, measure the 
inside mean length, breadth, and height of such part thereof as may be included 
within the bulkhead ; multiply these three measurements together, and divide the 
product by 92.4. The quotient will be the number of tons to be added to the result 
as above found. 

For Open Vessels. The depths are to be taken from the upper edge of the upper 
strake. « 

For Steam Vessels. The tonnage due to the engine-room is deducted fh)m the 
total tonnage calculated by the above rule. 

To determine this, measure the inside length of the engine-room from the fbre« 
most to the aftermost bulkhead ; then nraltiply this length by the midship depth 
of the vessel, and the product by the inside midship breadth at 0.40 of the depth 
from the deck, and diiide the final product by 92.4. 

S 
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PILING OF BALLS AND SHELLS, 

To find the Number of Balls m a TriangtUar Pile. 

Rule.— Multiply continually together the number of balls in one 
side of the bottom row, and that number increased by 1 ; also, the 
same number increased by 2 ; ^ of the product will be the answer. 

Example.— 'What is the number of balls in a. pile, each side of tho 
base containing 30 balls 1 

30x31 x32-r6 = 4960, Ans, 

Tqfindthe.Numher. of Balls m a Square Pile, 

Rule. — Multiply continupiljy together the number in one side of 
the bottom course, that number increased by 1, and dbuble the same 
•number increased by 1 ; ^ of the product will be the answer. 

Example.— How many bslUs are there in a pile of 30 rows 1 

30X31 X61-7-6 s 9456, Ant, 

To find the Number ofSaUsin an Oblong Pile, 

. Rule. — ^From 3 times the number in the length of the base row 
subtract one less than the breadth of the same ; multiply the re- 
mainder by the same breadth, and the product by one more than the 
same, and divide by 6. 

Example. — Required the number of balls in an oblong pile, the 
Aumbers in the base r ow b eing 16 an d 7 1 

16X3— 7— lxrx7+l-r6s=:892, Aw, 

To find liie Number of Balls in an Incomplete PUe. 

Rqlb. — From the number in the pile, considered as complete, 
subtract the number conceived to be in the upper pile which is want- 
ing. 
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WEIGHT AND DIMENSIONS OF BALLS AND 

SHELLS. 

Thb weights of these may be found by the rules in Mensuration ; 
also, in the tables, pages 233, 236, and 255. 

To find the Weight of an Iron Bdlfrom its Diameter, 

An iron ball of 4 inches diameter weighs 8.736 lbs. Therefore, 
^ of the cubo of the diameter is the weight, for the weight ot 
spheres is as the cubes of the diameters. 

Example — ^Wfaait iis the weight of a ball 10 inohCB in diameter 1 

^ of 10' = 136.5 lbs., Ant, 

To find the Diameter from the Weight, 

Example.— What is the diameter of an iron ball, its weight b6ing 
99.5 lbs. 1 

^8^ X 99.6 = 9 inches, Ans, 

Or, multiply the cube of the diameter in inches by .1365, and the 
sum is the weight. And divide the weight io pounds by .1365, and 
Ike eab«root of the product is the diameter. 



To find the We^ afa Leaden Bcdl. 

A leaden ball of 4 inches diameter weighs 13.744 lbs. Ther^foic; 
i~^ of the diameter is the weight. 

JExnutLt, — ^What is the weight of a leaden ball 10 inches in dt 

^ of 10' = 214:7 lbs., Jrw. 

Iwicfithf, y 1^ X weight = diameter. 

Or, multiply the cube of the diameter in inches by .2147, and the 
sum is the weight. And divide the weight in pounds by .2147, and 
the ctlbe root of the product is the diameter. 



To find the Weight of a Cast Iron Shell. 

Multiply the difference of the cubes of the exterior and interior 
diameter in inches by .1365. 

Example. — What is the weight of a shell having 10 and 8.50 inch* 
es for its diameters 1 

10«— 8.5» X .1965 = 62.6 lbs., Akf. 



208 WINDING ENGINES. 



WINDING ENGINES. 

In winding engines, for drawing coals, water, &c., out of a pit : 
where it is wanted to give a certain number of revolutions, it is ne- 
cessary to know the diameter of the drum and the thickness of the 
rope. 

Where flat ropes are used, and are wound one part over the other, 

To find the Diameter of the Drum* 

RuLB. — Multiply the depth of the pit in inches by the thickness 
of the rope in inches for a dividend. 

Multiply the number of revolutions by 3.141$, and the product by 
the thickness of the rope in inches for a divisor. 

Divide the one by the other, and from the quotient subtract the 
product of the thickness of the rope and the number of revolutions ; 
the remainder is the diameter in inches. 

£xA)iPLB.-*If an engine make 20 revolutions, the depth of the pit 
being 600 feet, and the thickness of the rope 1 inch, what is the di- 
ameter of the drum t 

600x12X1-7-20x3.1416x1—1 X20 = 94.6 inches, Ans. 

To find the Diameter of the Roll 

Rule. — To the area of the drum add the area or edge surfoee of 
the rope, and the diameter of the circle having that area is the di- 
ameter of the roll. 

Example. — What is the diameter of the roH ifi the preceding ex- 
ample 1 

Area of 94.5 = 7013.8+ area of 7200x 1 = 14213.8, and ^ of this 
sum -T-.7864 = 134.5, Ans. 

Or, the radius of the drum is increased the number of the rev o- 

lutions, multiplied by the thickness of the rope ; as, ?~+20xl -^ 

67.26. 

To find the Number of Revolutions* 

Rui.B. — ^To the area of the drum add the area of the edge surfkce 
of the rope ; then find by inspection in the table 6f areas, or by cal- 
culation, if necessary, the diameter that gives the ^xact areiT; sub- 
tract the diameter of the drum from this, and divide the remainder 
by twice the thickness of the rope ; the quotient is the number of 
revolutions. 

EziMPLB. — ^The length of a rope is 2600 inches, its thickness I 
inch, and the diameter of the drum 20 Inches. Hequired the num- 
ber of revolutions. 

Area of 20 + area of rope =314.15+2600 = 2914.15, the diame- 

ter of which is 60^1, and 60.91^20-r 1 X2 = 20^ revolutions. 
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To find the Place of Meeting of the Ascending and Descending 
Bdchets when ttbo or mote art used. 

Meetings will always be below half the depth of the pit, and 

To Jmd this Depth, 

Take the circumference of the drum for the length of the first turn ; 
then, to the diameter of the drum add twice the thickness of the 
rope, multiplied by the number of revolutions, less 1, for a diameter, 
and the circumference of this diameter is the length of the last turn ; 
add these two lengths together, multiply their sum by half the num- 
ber of revolutions, and the product is the depth of the pit. 

EzAMPtB. — ^The diameter of a drum is 9 feet, the thickness of the 
rope 1 inch, and the revolutions 20 ; what is the depth of the pit, 
and at what distance from the top will buckets me^tl 
9 X 3.1416 = 28.27, length of first turn ; . 

9+ 7o ■ = 12.166x3.1416 = 38.23, length of last turn ; 

20 
28.27+38.23x^= 665 feet, or depth of pit. 
2 

At 10 revolutions th buckets will meet. Therefore, add 9 times 

twice the thickness of the rope to the diameter of the drum ; to the 

circumference of this diameter add the length of the first tum^ 

multiply their sum by half the number of turns to meetings, and the 

product is the distance from th^ bottom of the pit at which the 

buckets will meet. 

9 vl V2 10 

— -lir== i.5+9x3.l4l6+28.27x^ = 306.«5 feet, jItw. 
12 2 



FRAUDULENT BALANCES. 

In order to detect tJum, after an equilibrium has been established 
between the weight and the article weighed, transpose them, and 
the weight will preponderate if the article weighed is lighter than 
the weight, and contrariwise. Then, 

To ascertain the True' Weight f 

TiCt the weight which will produce equilibrimn after trmsposition 
be found, and with the former weight be reduced to the same de- 
nomination of weight ; and let the two weights thus expressed be 
multiplied together, and the s(|aare root of the product will he the 
true weight. 

ExA?«Pw:.r-If one weight be 7 lbs., and the other 9^, Tx9|£:i64, 
'and the square root of 64 is 8 ; hence 8 lbs. ih the true wieigfat. - 
Or, let a = length of longest arm, I A == greatest weight, 

b = length of shortest arm, I B = least weight. 
Then Wa = Aft, and V/b = Ba ; muHtplymg these two equations* 

we have Waft = ABa^ or W* = A B, and W =rVAB. 

S2 
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MEASURING OF TIMBER. 

Sawbd or HEWN timber is measured by the cubic foot. 
The unit of board measure is a superficial foot 1 inch thick. 

To measure Round TKmber, 

Multiply the length in inches by the square of | the mean girth 
in inches, and the product, divided by 1738, wilt give the contents 
in cubic feet. 

When the length is given in feet, and the girth in inehes, divide by 144. 
When all the dimenskme are in feet, the produetis the content without a division 

LxC 
Or, — — — rl44, L the length in feet, and C half the sum of the 

circumferences of the two ends in inches. 

Or, ascertain the contents by the rules in Mensuration of Solids, 
page 82, and multiply by .75734. 

Example. — ^The girths of a piece of timber are 31.416 and 62.833 
inches, and its length 50 feet ; required its contents. 

?Lil£±5?:???-j-4=: 11.781, and 11.781»X50-rl44 = 48.1916 ci> 
55 

bio feet, Ans. 
Or, V; "M il =48.1916 cubic feet. 

Or, 103— 20'-T-20— 10X.7854X^= 63.632X.75734 = 48.1916 

o 

cubic feet, Ans. 

To measure Square Timber, 

Multiply the length in inches by the breadth in inches, and the 
product by the depth in feet ; divide by 144, and the quotient is the 
content. 

Note.— When all the dimensions are in ftet, omit the divisor of 144. 

4 

; 

BOARD MEAStTKE. 

Multiply the length by the breadth, and the p^ductis the content. 

i Note.*— "niis rale only applies when all the dimensions are in feet When either 
the length or breadth are given in inehes, divide their product l>y 13 ; and when 
all the dimensions are in inches, divide it by 144. 

Pine spars, frcHB 10 to 4^ inches in diameter inclusive, and spnice 
spars, are to be measured by taking the diameter, clear of bark, at 
i of their length from the large end. 

Spars are usually purchased by the inch diameter ; all under 4 
inches -are considered poles. 

Spruce spars of 7 inches and. less should have 5 feet in length for 
every inch diameter. Those above 7 inches should have 4 feet in 
length for every inch diameter. 
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STEAM. 

Steam, arismg from water at the boiling point, is equal to the 
pressure of the atmosphere, which is in round numbers 15 lbs. on 
the square inch. 

Table of the Expansive. Force of Steam, from 212° to 362^'. 

,. (Fh)m experiments of Committee of Franklin Institate.) 
The unit is the atmospheric pressure, 30 inches of mercury. 



Defprectoflieat. 


■preMure. 


DeftreM of IWKt. ' 


PranurB. f Degivei of bckt. 


FrtflMHnB^ 


212.0 


1. 


298.50 


4.5 


331.0 


IJS 


935.0 


1.5 


304.50 


5. 


336.0 


8. 


250.O 


2. 


310.O 


5.5 


3404)0 


&5 


264.0 


2.5 


315.50 


6. 


345.0 


». 


275.0 


3. 


321.0 


6.5 


349.0 


9.5 


284.0 


3.5 


336.0 


7. 


353.0 


10. 


291.50 


4. 











Under the pressure of the atmosphere alone, wftter cannot be heated above the 
bcriilng point 

It has already been stated (see Heat) that the sum of sensible and latent heats 
is 12020, and that 140O of s^sible heat becomes latent itpon the liquefaction of ice ; 
also, that 1 lb. of water co|iverted into steam at 2120 will heat 5| lbs. of water at 
3SP to 2120, and that the sdm is 6i lbs. of water. 



Table of the Volume of Air and Force of Vapour. 



Tiimiii ralini 


VohVbe of air or 


vmrnvuB. 


Vapour. 


OP 


lOOO 


320 


1071 


580 


U23 


720 


118^ 


920 


.1355 


1120 


1354 \ 



Force of vapour 

iBimthmptmer' 

evty. 




TflDpcratuvi. 



1380 
1520 
1720 
1920 
2120 



Votame of air or 
vapour. 




Force of Ttpoor 

in 'uuSatM of ner^ 

CTiry. 



5.070 

8.330 

13.170 

20.160 

30. 



To ascertain the Number of. Cubic Inches of Water, fit any CHven 
Temperature, that must be mixed with a Cubic Foot of Steam 
to reduce the Mixture to any Mequired Temperature. 

Rule. — From the required temperature subtract the temperature 
of the water ; then find how often the. remainder is contained in the 
given temperature, subtracted from 1202^, and the quotient is the 
answer. 

Example.— The temperature of the dondenslng woter of an engine Is 80O, and 
the required temperature lOOO; what is the proportion of condensing water to that 
evaporated 1 

100-^804-1902—100 s= -^ ss 55.S, Jtiu, 



in 



S^SAAt.' 



AgMin, tbfB tflBpcmtopeif 60O, and the nquind tompaAtara lOQO. 

1909— 10(H-<100^>60)z3^=S7A ^m. 

Or, let w repreflent temperature of condensing watw, t the required temperaton^ 
and A the sum of sensible and latent heati. 

Then t— — Water reqoireld. - 



To ascertain the Quantity of Steam required to raise a Given 
Quantity of Water to any Given Temperature. 

ItvLB. — Multiply the water to be warmed by the diflbrenc^ of teinperatore be« 
tween the cold water und that to which it if to be. raised, for a dividend ; then to 
the temperature of the steam add 9d(P, and from diat sum tak^ the required tem- 
perature of the water for a divisor ; the quotient is the quanti^ of steam in tho 
same terms as the water. 

£xAii»LB.->What qoantily of steam at 21SP will raise 100 cohic feet of water at 
80O to 21 201 : 

100X2120—80 * 

21204-9900^2190 ^^^"^ ^^^ ^*®' ^^ water fpnned ijtto iteam,occiipyiag (1&3X 
cubtefeetof^pace. 



16M) 



d04^hHP— a 
t) 22586^ cu 



> 



Tabids of the BoUine Points corresponding to the Altitudes of the 
Barometer between 26 and 31 Inches, 



Baotmwter. 



28.. 
9^ 
87. 
27.5 



BolKti;')M>!Bt. 



204JBJO 

SOSL790 
906457© 
307.550 



nktootwtT.' 



28. 
2dJS 

29.9 



''BAillnf polat. 



. ^430 
909J11O 
910.190 
211.070 



30. 

30.5 

31. 



iJMIbic 



212.0 

919.880 

913.760 



A cubic inch of water, evaporated under the ordinary atmospheric preasure, Is 
converted into 1694 cubic inches of steam, or, in round numbers, 1 cubic foot, and 
gives a mechanical force equal to the ndeiDg.of 280Q lbs. 1 footlUgh* 

The Pressure of Steam being given^ to find its Temperature. 

Bute.-— Multiply the 6th* root of the pressure hi inches by 177, and subtract 100 
from tbjD produlet. I 

ExAMPUE. — if the pressure is 340 Inchel of mercury, what'is tiie tebiperatttre ? 

4^7= 2.493x1774100=7 341.61,,.4iu. 

For sea water, multiply by 177.6 ; whe^ ^^^ jnturateii, by 178.3; t^d when ^ 

saturated, by TJ9. 



Tavls of ihs iBeksiiy of Stsani >uniir diffetenl Pftmmrt», 



Atnotpherw. 


, Tktmty. 


- Volnme. 


Atmosphem. 


DejButj. 


.Volome. 


1 
2 


.00110 


1694 
909 


!19 


.00493 
.60581 


903 

173' 


3 


.60160 


•685 


14 


.906170 


W 


■A • 


iM»10 


476 .. 


: 016 


.00760 


131 


5 


.1)0258 


387 


18 


.00849 


117 


6 


J0O306 


336 


90 


.00937 


106 


8 


.00309 


^ 


* • 


, 





The volumes ore not direct, In consequence of the increase of heat. See obs^r^ 
▼ations, page 196. 



itlW I r 



* Bee page 118 for rule to find this root 
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Tablb 


of ihfi EwpmtVM Force 


ef Steam m Atnuupkeree. 


TemjMatara. 


Pnnure in 
atiaotpherM. 


TempenRlVfB. 


FreHuraia 
ktauMphera. 


Tempefthnv. 


Pnnania 
fttnuMpherM. 


«S.O 


1 


331^ 


7 


413.80 


19 


S42.0 


H 


341*80 


8 


418J>0 


SO 


250.eo 


3 


350.80 


9 


433.0 


31 


364.0 


^ 


359.0 


10 


427.30 


32 


277.2P 


3 


36&80 . 


]1 


431.40 


S3 


S85^ 


3i 


374.0 


13 


435.60 


34 


293.do 


4 1 380.60 


13 


438.70 


35 


301 .0 


4i 


387.0 


14 


457.20 


30 


308,0 


5 


39S.60 


15 


473.8P 


35 


314.40 


5i 


398.50 


16 


4B6.6P 


40 


320.40 


6 


403 80 


17 


499.10 


45 


336.30 


H 


409.O 


18 


510.60 


50 



NoTK. — Tkis tahU gives results' slighUy differing from that fumiahed bf the 
F^rmUUin hutUtUSf bsing about ZJSfifsr every 5 tUmosfheret. 



Table of the PressUlrej Specific Gravity, and Weight of a Cubic 
Foot of pteam at different Temperatures. 



Vremvn in im. 


Weii^totacnb.' 


'^^'T 


Tnmun in in*. 


Weight Q^a cub.' 


Spec, gravity, 


of wunearj. 


foot in gfun. ^ 


of 'nefcurjr. « 


foot in grains. 


air being 1. 


.55 


6.10 


.0115 


175. 


»3J)0 


1.133 


1. 


10.70 


,jQ303 


9^- 


700. 


1J3 


8. • 


80.io ; 


.0388 


105. 


810. 


XJSS 


3. 


^' \ 


.0568 


130. 


910. 


1.728 


4. 


.6744 


156. t 


1116. 


3.13 


7.5 


Tl.. 


.134 


180. 


1317. 


3.5 


IS. 


135.. J 


1.355 


310. 


i^ao. 


3.8a 


83.5 


196. 


';37l 


S40. 


1660. 


3^ 


30. 


354.70 


.484 


.370. 


1910. 


a.61 


35. 


393. 


.553 


,300. , 


3i<K). 


3.07 


45. 


363. 


.687 


600. 


.3940. 


7.44 


53.5 


437. i 


.816 


900. 


'5676. 


10.75 


fl§. 


483. 


•.^15- 


1300. .] 


7350. 


13.88 



A pressure of 1, 5, 10, 26, 40, opd 50 lbs. on a square inch, mi)l raise a merciirlal 
gaufe.respectifely .1.01, 5.qB, 10 J6, 30.32, 40.^ fud 56.80 iocbes. 

The inean is 1.0159 inches. '' ' - 

A eolumn of mercury 3 inches In height will coonterlMilance a pressure of .98 Ibe. 
on a square inch. 

The praetieol estimate of the veloei»$ sf atesm, when flowing into a Tacuiiin, is 
about 1400 feet in a seccmd when at an expansive power equal to the atuosptiere ; 
and when at 20 atmosphefes, the vel(|clty is increased but to 1600 feet 

And when flowing into the air under. a Gimilar power, abo«t 650 feet per second, 
increasing to 1600 feet for a pressure or20 atmosptieres. 

» • 

The elasticity of , the vapour of spirit of wine, at all tempetaturet, is equal to 

S.13S times that of steam. 

« > 

J17.104 cubic feet, of ateam at the pre^ure of the atmosphere, 
equal 1 lb. avoirdupois. 



£14 
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To find the Mean Pressure tsfthe Ste$m on the Pistm. 

Rdlk.-- Divide the length of the stroke, added to the clearaace in 
the cylinder at one end, by the length of the stroke at which the 
steam is cut off, added to the clearance, and the quotient will ex- 
press the relative expansion it undergoes. 

Find in the following table, in the column Of expansion, a number 
corresponding to this ; take out the multipfier opposite to it, and 
multiply it into the full pressure of the "Steaii per square inch as it 
entei*s the cylinder. 





Tablb showiTig the Mean Pressure 


; of Sleam 


\. 


Szpaiuiaii. 


Molttpliar. 


EzpuMioa. 


Ml^tipllnr. 


. lUpnnoa. 


HiritiplNr. 


1.0 


1.000 


3.4 


.654 


5.8 


.479 


1.1 


.995 


3.5 


.644 


5.9 


.474 


1.2 


.985 


d.6 


.634 


6. 


.470 


1.3 


.971 


3.7 


^ .624 ' 


d.i 


.466 


1.4 


.955 


3.8 


.615 


6.2 


.462 


1.5 


.937 


3.9 


•605 


6.3 


.458 


1.6 


.919 


4. 


.597 


6.4 


.454 


1.7 


.900 


4;i 


.588 


6.5 


.460 


1.8 


.882 


4;2 


MO 


6.0. 


.446 


1.9 


.864 


4.3 


\ .5738 ■ 


6.7 


.442 


2. 


•847 . 


4*4 


' »564 


6.8 


.43^ 


2.1 


.830 ' 


4.6 


• .566 


6.9 


.434 


2.2 


.813 


4.6 


.649 


7^ 


.430 


2.3 


.797 


4.7 


.542 


7.1 


.427 


2.4 


.781 


4.8 


* ,i5!^5 


7.2 


.423 


2.5 


.766 


4.9 


.528 


7.3 


.420 


2.6 


•752 


5. 


.522 


7.4 


.417 


2.7 


.78=8 


5.1 


! .516 


7.6 


.414 


2.8 


.725 


5.2 


.510 


7.6 


.411 


2.9 


.712 


5.3 


.504 


7.7 


.408 


3. 


.700 


6.4 


.499 


7.8 


.406 


3.1 


.6198 


6.5 


.494 


7.9' 


.402 


3.2 


.676 


5.6 .489 


8. 


. ..oafF 


3.3 


.665 


5.7 .484 







Example. — Suppose the steam to enter the cylinder at a pressure 
of 20 lbs. pet square inChr and fo be dut off at \ the length of (he 
stroke of the piston. The stroke bejing 8 feet, 

8 feet = 96 inches + 1 ifor clearance = 97, 
^ ==r 24 inches 4-1 " =25. 

Then 97—25 = 3.88, the relative expansion which falls between 
3.8 and 3.9. Referring to the table, the multiplier for ^.8 is M^ 
and the difference between that and the multiplier for 3.9 is .010. 
Hence, multiplying .010 by .8, aiid subtracting the product .008 ftom. 
.615, the remainder, .607, is the multiplier for 3.88. Therefore, :607 
X20 lbs. = 12 140 lbs. per square inch, the mean efiective pressure 
of the piston required. 

Specific gravity of steam at the pressure of the atmosphere .490, 
air being 1. 
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FOR WA&UENO APABTMSNIVw 

Every cubic foot of water evaporated in a bdilMr fU the prewm. of thfi atiBo- 
s|>liere will lieat 2000 feet of enclosed air to an average temperature of 79^, and 
~ich square foot ofaurflM^e of steain-^pe will warm 9(M cubic feet of apace. 

The fixce of steam Ib the aam^ at the b<dling point for every fluid. 



LOSS BT RADIATION. 

To ascertain the Loss ofSteat per Square Foot in a Second. 

Let T = temtMsrature of pipe, whicU is, say -f/r less than that of the steam, 
t = temperature of tlte fdr, 
I = length of the pipe in feet, 
d = diameter in inches, 
e = velocity in feet per second, 
R = radiatioa in degrees of heat. 

1.7/ (T~t) 

49 ""^ 3Wd^«ld. 



STEAM-ENGINE. 

It is not eotisistent with the pten of this work to enter fully into 
details of the steam-enginC) ana this article will be confined excla- 
sively to some practical ruleS) the utility of which have been tested 
and their use adopted% 

Condenser. The dapacitf of it should be ftom } to I that of the 
cylindeir. 

Air-Pumjh, TbQ capacity of it should be^ to } that of thecylinder. 



2 is STEAM-ENGINE. 

Steam and Exhamt Yalv€9. Their ;dJaioeter aboold give an area 
of I square inch for every 1000 cubic inches contained in the cylin- 
der, and should lift i of it. 

This pnqportiaa apfMS with the pntctice, from 30 inch eylinders and 8 feet etroke 
up, but when a less diameter and stroke is used, the dirisor is diminished ; thus, for 
a cjrlinder of 30 inches diameter and 4 feet irtroke, 1 in every 000 indbes Mrill be ne- 
cessary to ^To the usuid dimensions. 

By experimentt when there were 3S5 square inches of ralre, for 390.400 cubic 
inches in the cylinder, the proportion was found to be a proper one, which is that of 
1 in 900 inches. 

And 318 inches of valve for 371.000 inches in the cylinder has been used, and the 
operation,' as shown by an Indicator, was held satisfactory, which is a proportion of 
1 in 1100 inches. 

Or* let a represent area of cylinder in inches, « stroke of piston in 
inches, and r number of reyolutions per minute, then the area of the 

valve =^>11><I. 
24000 

Foot Valves. The dimensions of it should give an area of from 

TTF ^^ tV.^^^*^*^ of the air-pump. 

This proportion is large for air-piimps having a greater capacity 
compared with the cylinder than is here given, but with this capa- 
city, ^ will be found an advantageous proportion, especially fur 
marine engines. 

Delivery Valve. When a solid piston is nsed in the air-pump, its 
dimensions should correspond with that of the foot valve, but when 
an open bucket is used, this proportion cannot be obtained. 

Force Pumps. Their capacity should be jl^ to Yhf *^^* ®^ ***® 
cylinder. 

Injection Cocks. Their area should be sufficient to supply 70 times 
the quantity of water evaporated when the engine is working at its 
maximum, and in marine engines there should be three of them to 
each condenser, viz., a Side, Bottom, and Bilge. 

The Side injection should have -Jy of an inch diameter of pipe for 
every inch dianaeter of cylinder, the Bottom injection should have 
■j^* of an inch diameter of pipe for every inch diameter of cylinder ; 
the Bilge injection is usually a branch of the Bottom injection pipe, 
and may be of less capacity. 

Piston Rod. Its diameter should be ^ that of the cylinder. 

Beam. Its length from centres should be twice the stroke of the 
piston, and its depth -^ of its length. The strap at its smallest di- 
mensions should have at least -^^ the area of the piston rod, and its 
depth to exceed its breadth. 



♦ The proportion here given will admit of a sufficient quantity of water when the 
engine is in operation in the Gulf Stream, where the water is at times at the tem 
pernture of 84<', and the quantity of water (when the steam Ui at 10 Ibe. pressure) 
required to give it and the water of condensation a temperature of 100°, is 70 tisnos 
that of the quantity evaporated 



Seam Centres. The end centres should have each one, and the 
main ceoti^ tw% and m lialf timetf the area of the piston rod. 

The proportion for the strap, is when the depth of the beam is 
} that of the stroke ; eonsequently, when the depth is less, the area 
must be increased. 

Connecting Rods. Their diameter in the neck should be the same 
as that of the piston rod. The diameter of the centre of the body 
is found in the following manner ; 

As .76 the stroke of the piston is to the length of the body of the 
rod, so is the area of the neck to the area of the centre of the body. 

When two rods are used, each diameter should be -^ that of the 
piston rod. 

Key-HoUs, Their dimenaiioBS, without any aOowanee Ibr draft, 
should give an area of ^ that of the rod ; their width being } that 
of the strap. 

. Straps of Connecting Rodtf 4«. Their area at their least section 
should be I that of the piston rod. 

Cfknk Pms. Their area i^ould bo H times that of the inston 
red. 

Cranks. When of Cast Iron^ the dimensions of their Hub should 
be, in diameter, twice that of the shaft upon which they are to be 
pUced, and in depth i their diameter. 

The SmaU end should have its diameter twice, and its depth 1.5 
the diameter of the pin. 

When of Wrought Iron, the diameter of the hub, compared to the 
shaft, should be as 8 to 4.6. The same proportion for the small end, 
compared with the pin. 

Water Wheels, or Fly Shafts. See Rule, page 158. 



BOILERS. 

For every cubic foot capacity in the cylinder, when the length of 
the flues do not exceed 40 feet, they should have from 18 to 20 
square feet of Are and flue surface. 

Graies, For Wopdf their area should be ^ and fo^ Coal f the 
number of cubie feet m the cylinder. 

T 
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NON-CONDXNilNOy OK HISHrPKlBfltrXE SNG1NB8. 

Steam Vahet, Their area 1» usually less than in condeosing en- 
gines. 

A decrease in the capacity of the cylinder is not attended with a oorrespondinf 
diminution of their area. 

Thus, A 24 inch cylinder by 3 feet strolte, haSTaWes that contain 30 aqnare inches, 
which is a proportion ni 1 inch in every 814 inches dspacity of cylinder. 

A 12 inch cylinder by 4 feet stroke has .9 inches arett of T«hre,. which i» 1 inch in 
every 600 inches capacity. 

And a 6 inch cylinder by 1. foot stroke has X inch in every 125 inches capacity. 

Or, let a represent area of cylinder in inches, s stroke of piston 
in inches, and r number of revplutioi^ per minute, then the area pf 

thevalve=^^*^^ 
30000 

Viston Rod. Iti diameter should be from J to J that of the cyl- 
inder. 

Connectiiiijg Itadst Crank Pinsi Siraps, Cranks, and End and Main 
Centres, should bear the same proportion to the piston rod as in con- 
densing engines.. 

Gibs and Keys. The same as in condensing engines. 

Force Pumps. Their capacity, when the pressure of the steam is 
not to exceed 60 lbs., should be -^^ the contents of the cylinder; . 
when not to exceed 130 lbs., ^, and in a similar ratio for higher 
pressures. 

Water Wheel, or JF7y Shafts, See Rule, page 158. 



BOILERS. 

With plain cylindrical boilers without flues, there should be 76 
square feet of fire surface for eyery cubic foot capacity in the cylin- 
•dpr, when their length does not exceed !^5 feet. 

With boilers having flues there should be 125 square feet of fire 
and flue surface when their length does not exceed 25 feet. 

Locomotive Boilers should have 210 square feet of 'fire &nd flue, 
surface for every cubic foot capaciljy in tne cylinder. ' 

These proportions are for obtaining a pressure of 60 lbs. to the 
square inch. 

When of greater length, a corresponding increase of fire surface 
will be required. 

Grates. With plain cylindrical boilers, one square foot is suffi- 
cient for a horse's power. 
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Cl^ENEBAL RraJBS.: 

(Minderg. The following. tiAIe ahows tbo'dtmenaions of a num- 
ber m use, and will be found of senrice in obtaining such thickness- 
es as are usually observed in practice. 





Horizontal. 


Vtrtical. 




Dbmetcrin 

incbM. 


IteHUTB i> lbs. 


ThiekBcwin 
incbn. 


DkBwteria 
inchet. 


Pnwira ia Um. 


Thicknoiia 
indic*. 


6 


76 


.6ar5' 


30 


40 


.76 


10 


76 


.75 


40 


40 


1. 


13 


76 


.875 


50 


40 


1.136 


20 


76- 


1. 


60 


30 


1.35 


«4 


76 


[' 1.185 ' 


TO 


30 


1.5 



When the cylinders are set horizontal they require greater thick- 
ness than when inclined or vertical. 

Jifum^U. Their length should exceed the diameter not less than 
in the proportion of 10 to 9, and in some cases the proportion can 
be increased in the ratio of 3 to 2 with advantage. 

Steam I*ipt$. Their area should exceed that of the steam valve. 

Front Links. Their length is usually i that of the stroke, and 
their diameter -|^ that of the piston rod. 

Beams. To ascertain the vibration of their end centres at right 

angles to the plane of the cylinder, let L represent length of be^, 

and S stroke of piston. 

L .- 

•J—- /(L-7-3*)— (S-r2)*i= vibration at each end. 

Cast Iron Beams should lilways have, when of uniform thickness, 
'their thickness ^ of their depth. 

Vision Rods of different materials should have their diameters in 
the following ratios : 

Cast iron 8 

Wrought iron . . ... 5 . 

Tempered steel 4 

Boilers. There should be at least 10 times the space in their 
steam room that there is in the cylinder. 

Safety VaJves^* 10 inches area of valve for every 350 square feet 
fire surface is sufficient. 

* Tredgold gives the foUowing rule : Diride tlie area of the fire lurface by the 
Ibf. preuure (per steam guage) of the steam, and ihb quotient will be the square of 
the diameter of the Talve in inches. 
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SMOKE PIHBS, OK CfflMNEYS- 

Their area at the base ahoiiid always exoeed tet of the flue or 
Hues. When wood is used, the area is required to be greater than 
for coal. 

The intensity of the draught is as the square root of the height. 

BELT& 

Two 15 inch belts over a drirer of aix feet in diameter, running 
witjh a Telocity of 21S8 feet in a minute, transmit the power from 
the water-wheel, at Rocky Olen Faotory* th^ dioaensioiis of which 
are given in page 179. 

An 11 inch belt over a driver of 4 feet in diameter, running from 
1200 to 2100 feet in a minute, will transmit the power from two 6 
inch cylinders having 11 inches stroke, and averaging 125 revalue 
tions per minute, with a pressure of 410 lbs. per square inch. 

Two 6 inch belts over a driver of 5.9 fbet in diameter, running 
2700 feet in^ a minute, will transmit the power from twa9 inch cyl- 
inders having 8 inches stroke, and averaging 150 revolutions per 
minute, with a pressure of <H) lbs. per square inch. 

OF SATITSATION IN MABINE BOILSBS. 

100 parts of sea water contains 3 parts of its weight in saline 
matter, and is saturated when it contains 36 parts ; then, if the 
quantity iii the boiler be taken as 100 parts of wafer, and g parts 
^ used for steam^ b parts hlowed out ; to fix. on the degree of satu- 
ration to contain a; parts of saline matter,, the quantity of salt en- 
tering and the quantity leaving in the same time, will be equal 

3f 

when 3(#+i) = »b ; hence h = — 5. 

If X == 30, the water in the boiler will not reach to a higher degree 
of saturation when | of the quantity used for steam is a)k>wed to 
escape. And as it requires but about j- of the quantity of fuel to 
boil water that is required to convert it into steam, tlie loss of fuel 
wiU be J xl = A part.— TrerfgoW. 
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To find the Power of a Condensing Engine, 

Let *v represent vacuum upon cylinder piston in lbs., 
S velocity of cylinder piston in feet per minute, 
n velocity of air-pump piston in feet per minute, 
♦P mean effective pressure upon cylinder piston in lbs., 
m pressure upon cylinder piston necessary to overcome the 
friction of the air-pump and its gearing, 
f . h the Ihs. pressure upon the atr-pump piston, 

/ the lbs. pressure upon the piston necessary to overcome 
the iiriction of the eagine. 
Where anindieator is not used, estimate the value of « at 9.5 lbs. 

- The value of m is about 2 lbs. per square inch, that of 5, s=iy in 
pressure, and / is ^ of the pressure per steam gauge. 

Then <I±lE^2<iS-^^ horses' power/ 

33000 

Example. — ^The diameter of a cylinder is 60 inches, the stroke of 
the piston 10 feet, the revolutions 20 per minute, the diameter of the 
^ir-pump 46 inches, and the stroke 4 feet ;, ,the pressure of the steam 
^P lbs. per square inch* cut off at i the. length of the stroke. 

Then t = area of 60x9.6 =2686048, 

8 = 10X2^20 ==400, 

? • ^ n^ 4x^X120 '''" " ' =160, 

P = (per rule, page 214) 12. 1 X 2827.4 = 3421 1 .54, 

m = 2827.4 X 2 . = 5654.8, 

6 = area of 46x9.6 - =15788, 

- ' /= 20 X. 2X2827.4 ' =11309.6. 

34211.54 -f 26860.3 -- 11309.6 + 56541 X 400 — 160 X 15788 

33000, 
526.^84 horses' power. 

To find the Power of a Non-condensing Engine. 



SxP— / u . > ■ '■ 

-5^ = horses>power; .. 

f=\ of the pressure per steam gauge. 

Example 1. — ^Wliat is the power of an engine, the diameter of the 
cylinder being 10 inches, the stroke 4 feet, the pressure of the steam, 
per gauge, 60 lbs., making 45 revolutioos 1 

360X60— 7.5 X78.64H-33000 = 44.982, Ana, 

2. The same with 30 lbs., cut off at \ the stroke, and making 26 

revolutions 1 

200 X21.25— 3.75x78.54-T"330Ci0 = 8.02, Arts, 

* These values are best obtained by an Jndieatar, 
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The usual ruU for either engine is, multiply the effMive pressure 
upon the piston in lbs. per square inch by the Telocity of the piston 
in feet per minute, and divide by 83000. 



To find the Volume the Steam of a Cubic Foot of Water occupies 
{separated from the Water)^ the Elastic Farce and Tempera^ 
ture being given. 

RuLs.— To the lempenture in degrees add 459, mnltiply the sum 
by 38, and divide the jvodiict by the pr^sture in lbs. per square inch. 

ExAMPLS. — The temperature is S91.0^ atad the pressure 4 atmo- 
spheres, or ISO inehes of menmry ; what is the volume! 

An atmosphere is == 14.7 lbs. per square inch, and 14.7x4 = 
58.8 lbs. 

And 2 inches mercury = .98 lbs. per square hich; therefore, 58.8 
•-.98 = 60 X2 s=: 120 inches. 

Then 291.5o+459X38^58.8=? 485.016 cubic feet, Ans. 

What quantity of water will an engine of 10 inches cylinder, 4 
feet stroke, and making 45* revolutions per minute, require per hour 
at the fres8u« above given ? 

Area of 10 inches =: 78.54x48x2x45-7-1728 sr 196.3 cnbic feel 
of steam per minute. 

Then, as 485.016 : 1 : : 196.3 : .4047, and .4047x60 minutes = 
24.28 cubic feet of water per hour at a pressure of 58.8—14.7 = 44.1 
lbs. steam gauge. 

If it were required for 58.8 lbs. per steam gauge, the quantity 
would be in the proportion of their densities, viz., as .00210 to .00258 
(see table, page 212), or 54.18 cubic feet, independent of the quan- 
tity lost by waste, and the clearance of the piston in the cylinder. 



To find the Power of an Engine necessary to raise Water to any 

Given Height. 

RuLB. — ^Multiply the weight of the column by the vdocity in feet 
per minute, and divide by 33000. 

Example. — It is required to raise a column of fresh water, 10 
inches in diameter by 86 feet high, with a velocity of 128 feet per 
minute; wh^t power is necessary 1 

86 feet -r2.31 feet, the height equal to 1 lb. per square inch =d 
87.2 lbs. Area of 16 inehes =s20l. x37.2 lbs. x 128 s= 957081.6-r 
83000 = 29, horses' power. To which must be added an allowaaot 
for friction and waste, say }. 
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To find the Velocity necessttry to Discharge a Given Quantity 

of Water in any Given Time, 

RnLE.— Multiply the number of cubic feet by 144, and diride the 
product by the area of the pipe or opening. 

EzAMPLx. — ^The diameter of the pipe is 16 inches, and the quanti* 
ty of water 179 cubic feet ; what ia the velooily 1 

179 X 144-^801 s 128.8 feet, Ans, 



To find the Area, the Velocity and Qwmtiiy being given, 
Ri7Li.--Proeeed sb above, and divide the prod^iet by the veleelty^ 
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COMBUSTION. 

CoKBUf HON is one of the maoy aourcea of heat, &nd denotes the comblnatioB of 
a body with any of the mibetances tenned Supporten of Ckmibiistkm : with refbr- 
ence to the veneration of steam, we are restricted to bat one of these combinationi^ 
and that is Oxygen. 

All bodies, when intensely healed, become Ivminous. WhMi this heat is produ- 
ced by combination with oxygen, they are said to be ignited ; and when the bodj 
heated Is in a gaseous state, It forms what Is called Flame. 

No bodiee appear Yiitble, even in a fUnt It^t, below about 87V. 

Gerbcm exisis in nearly a pm« state in charcoal and in soot It eomlNnes with 
no more than SJ of its weight of oxygen. In its combustion, 1 lb. of it prodneei 
fluffiqient heat to increase the temperature of 13000 lbs. of ^ter lo. 

Hydrogen exists in a gaseous state, and combines with 8 times its weight of ozy- 
flMi.aad 1 lb. of it, in burning, raises the Ueat of #MN)Q lbs. of water 1^. 

FUEL. 

With equal weights, that which contains moet hydrogen ought, in its combus- 
tion, to produce the greatest quantity of heat where each kind is exposed under 
the most adyaatageous circumstances. Thus, pine wood is preferable to hard 
wood, and bituminous to anthracite coal. 

When wood is empl<^ed as a fuel, it ought to be as dry as possible. To produce 
the greatest quantity or heat, it should be dried by the direct application of heat. 
As usually employed, it has about 35 per cent, of water mechanically comlrfned, 
the heat necessary for the evaporating of which is lost. 

Wdghi of sundry Fuels to form a Cubic Foot of Water at 62^ into 

Steam at 220°. 



Newcastle coal 
Pine wood (dry) 
Oak wood (dry) 



Lbi. 

8. 

90.3 
13. 



Peat . 
Olive oU 
CkdM . 



LbB. 
30.5 
5.9 
9. 



Table showing the Heating Power of different Substances. 



Olefiant Gas . 

Alcohol 
(Spec. gray. .813) 

Olive Oil 

Beeswax, yellow . 

Tallow . 

Oak wood, seasoned 

, dried on a 



stove 



-, allowing 90 



pa- cent. Ices 
Pine, seasoned 

CkMl, Newcastle 

, Welsh . 

——, Anthracite 

— — , Cannel . 

Coke 

VMt 



Compotitioo of oombwtiUe 
portion. 



i Hydrogen 
(Carbon . 

Hydrogen 
Carbon . 
( Hydrogen 
\ Carbon . 
( Hydrogmi 
\ Carbon . 

} Hydrogen 
{ Carbon . 



T 
.1334 
.4785 
.133 
.773 
.1137 
.8060 

.057 
.535 



< Hydrogen 
^Carlxm . 

Carbon . 
( Hydrogen 
( Carbon . 

Carbon . 



.0416 
.7516 

.88744 
.0903 
.793 . 
.84 



Wdght of miter 

la Il».. healed io 

by I lb. of the 

eooiboRible. 



19300 

11000 

14500 

14000 

15000 

4600 

5060 

5660 

5466 

0330 

11840 
0560 

9000 

0110 
3350 



Weight of 

ter coDTcrled 

into tteuD bj I 

lb. oronataiti* 

ble, ttom G8* 

to 820*. 



19. 

11. 
19. 
3.90 

5J9 

4.85 
4.66 

7.90 

10.1 
8. 

7.7 

7.7 
SB 
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Small coal prodaoes abocU | the ^HM Qffoo4«9al<tf the aaine spodet. 
The averages of the above, for practical reeultiss may be aet down as foUowv : 











B8aMI*bf Ilk 
. 4500UII* 




mmtirhfivtt. 


Oak 


• 


• 


• 


BitunkKNUcoal • 


. OSOOUm. 


Fine 


• 


• 


• 


. 5000 ** Anthracite . . 


. 7800 " 


Coke 


• 


• 


• 


. 8000 "« 


, 





Different fuels require different quantities of oxygen ; fbr tfie ditftivnt Idnds of 
eoai, it varies from 1.87 to 3 lbs. for each lb. of ooal. 60 cubic feet of air is neee»> 
aaiy to affttid 1 lfc.of Qiyiwi; and wairiiig > d— aMwrnnce flwr fasa^neariyOOcttMc 
Ceet of air will be raquiriBa in the furnace of a boiler for each lb. of oxygep. 



ThequMtityflf aif udanMhafaroiieeiiMefiMeof watareoBfeEtad 2«t»«t0am 
at S30O is, for coal about 9000, and for hard wood about 4000 cubic feet 



Tablk sJuwing ike MuulU of Mr. BuWm ExperimenU upon Wood. 



Wo«b. 


WdghtoT 
aeonL 


Shell-bark Hickory 
Pig-nut Hickory . 
Red-heart Hickory 
White Oak . . . 
Red Oak . . . . 


4409 
4341 
3705 
3821 
3254 



Conpan. 
tiw value 
per cord. 



100 
95 

81 
81 



Woodi* 



Hard Ifaple 
Jersey Fine 
Yellow Fine 
White Fine 



Weichtof 



3878 
3137 
1904 
1808 



OMBpni* 

tjveialua 
ptt cotd. 



60 
54 

43 

42 



•— •»■ 



Pounds of Ice mdud hy the fo^omng FuoU: 



Good coal 
Coke . 
Charcoal 



90 I Wood (hard) 

94 I Peat 

95 1 Hydrogen gat 



98 

19 

370 



When UtiuBteous coal is snl^ecstod (o destructive distiUatiaB» iihoiU | of iti 
wcdght is left, in the form of coke. 



lUiaHve VaiuB qf the folUmnng BteU ly Weight: 



M 



Hickory 
White piM. 
Yellow pine 
G6od coke » 
Inferior*' . 



» • * 


US 


Chaieoal ^ « 


. 989 


lAtially » 


140 
137 


Feat . • • • 


, 115 


Welsh coal . 


. 313 




137 


NeweaslU ** . • 


. aoi 




M9 


Belgium , 


816 




985 


Anthracite, French 


900 




9SI 


** FennsyiTStiA 


. 990 



ANALYSIS OP FUELS. 



OuboB • 
Hydrogen 
Nnrogen • 
Oxygen . 



Volatile matter 

Charcoal 

Ashes 



NawcMfleCwI, 
eddwUad. 

75je 

4.18 
15.90 

100. 

Okk. 

76.9 

99.7 

.4 



64.79 

91.56 

13.73 

0.00 

100. 



CiisilNiihsil CoflJ, 



81.3 

17.9 

.7 



»bple. 
79.3 
90. 
.7 



80. 
Bitumen, 18.40 
Ash, 1.00 



100. 



Cheatarat. NorwrnyPiiM. 
76.3 80.4 

933 19.9 

.4 .4 



An Increase in the rapidity of combustion is accompanied by a diminution in the 
tfspontive eflSciencv of the combustible. 
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ANTHRACITE COAL. 

The results of late and accurate observations upon the burning 
of anthracite coal, with the aid of a blast, gives an expenditore of 6 
lbs. per horse power per hour. 

The best anthracitet contain about 95 per cent of inflammable matter, princlpall/ 
carbon. 

1.84 tons coal are reqoired for the imeltfag and heating of the Uast to make Iton 
pig iron. 

578904 cable feet of air are required for the Mast to make 1 ton of iroa. 



CHARCOAL. 

The best quality it made from oak, maple, beech, and chestnut 

Wood will famish, when properly burned, about 16 per cent of coal. 

A bushel of coal from hard wood weighs about 30 lbs., and from pine 39 lbs. 

COKE. 

Sixty* baihels Newcastle coals (lumps) will make 93 bushels good coke, and <I0 
bushels (flne) will make 85 bushels of a similar quality. 

00 bushels Newcastle and Pictou coal (one half of each) makes '84 bushels inl^ 
rlor; 60 bushels Ficton, or Virginia coal, makes 75 bushels of bad. 

A bushel of the best coke weighs 38 lbs. 

Coal furnishes 60 to 70 per cent of coke by weight 

rib. in a common locomotiTe boiler will evaporate 7| lbs. water at 8190 into 
•team. 

MISCELLANEOUS. 

One pound of anthmcite coal tn a cupola fumaoe wlU melt 5 lbs: of east irop ; 80 
bushels bituminous cool in an air fomace will melt 10 tons cam iron. 

When one bushel .bitumimMis coal per hour will produce pteani of the expansible 
force of 15 lbs. per square inch^l^ bushels will give 50 lbs., and 3 bushiels 1^ lbs. 

One lb. of Kiewcastle coal converts 7 lbs. of bbilin^ water into steam, and the 
time, 6 times that necessary to raise It from the freezing to the boiling point And a 
hosbel will convert 10 cubic feet of water into steam. 

* mnehuter bushel = 3150.43 cubic inches. 
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WATER. 

Fbbsh Watkb. The constitution of it by weight and measure is, 

B7 weight; ** By mauBra. 

Oxygen . 88.9 1 

Hydrogen 11.1 2 

One cubic inch at 62°, the barometer at 30 inches, weighs 252.458 
grains, and it is 830.1 times hefivier than atmospheric air. 

A cubic foot weighs 1000 ounces, or 62^ lbs. avoirdupois ; a col- 
umn 1 inch square and 1 foot high weighs .434028 lbs. 

It expands^ of its bulk in freezing, and. averages .0002517, or ^^^ 
for every degree of heat from 40° to 212°. Maximum density, 39.38°. 



TiBLB of Expansion at different Temperatures. 



Tmipentiira. 



12° 
22° 
32° 
40° 



ElpSMioB. 



.00236 
.00090 
.00022 
.00000 




Eximiiian. 



.00159 
.00791 
.04330 



Msao 



Showing an increase in bulk from 40° to 212° ofj^^^ equal to 1 
cubic foot in every 23.09 feet. 

The height of a column of ( } \^ Pf ^Zl^"> " I 93 ^*'*' 
pressure 01 . . . f ^^^ atmosphere . " 33.86 " 



pressure 

River or canal water contains ^ > of its volume of gaseous mat- 
Spring or well water " » ^ ter. 

A cubic inch weighs .0361 of a lb., and at 212° has a force of 
29.56 inches mercury. 

Sea Wateb, according to the analysis of Dr. Murray, at the spe- 
cific gravity of 1 029, contains, 

Muriate of soda 220.01 = 

Sulphate of soda 83.16 = 

Muriate of magnesia . . . . 42.08 

Muriate of lime 7 S4 = 



303.09 
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Table showing the Dcposites that take place at different Degrees of 

Saturation and Temperature. 

When 1000 parts were reduced by evaporation. 



QawtityorMiwater. 


Boiling point. 


Bait in 100 parts. 




1000 
299 

102 


214° 
217° 
228° 


3. 
10. 
29.6 


None. 

Sulphate of lime. 

Common salt. 
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Boiling Point ai different Degrees of SaturatunL 



Piapodion of nit in 100 MTta bj 


BoniofpolaL 


rrennrtkmofnllb 
100 ptftibjr weight 


BoiliDCpoiBL 


Saturated ) ^ ov 
solution 5 ^^ 
83.3i 
30.30 
27.28 
24.25 
21.22 


226. <> 

224.90 
223.70 
222.5<» 
221.4* 
220.2* 


18. f 8 

15.15 

12.13 

9.09 

6.06 

3.03) 

Sea water 5 


219.« 

217.90 

216.r> 

215.50 

214.40 

213.2® 



Silt Watir. A cubic foot of it weighs 64.3 lbs. ; a ctrbie inch, 
.03721 lbs. 



The height of a colnnm of r 1 lb. per square ineh» is 2.26 feet, 
water at 60*, equivalent to the 1 1 " " circular " " 2.87 
pressure of . j 1 incfh of mercurj, '^ 1.09 

(Specific gravity, 1029X ( the atmosphere . " 82.92 
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MOTION OF BODIES IN FLUIDS. 



Table of the WeigJUs required to give different Vi^oeitiet to senrol 

different Figures. 

TWL diameter of all the figures but the small hemisphere is 6.375 
inches, and the altitude of the cone 6.625 inches. 

The small hemisphere is 4.75 inches. 

The angle of the side of the cone and its axis is, consequently, 
25° 42' nearly. '^ 



▼«to«ity. 


Con^ 


Whole 
globe. 


Cyliadpr. 


nMn ispbcpc* 


ananbem- 


pCf WOPBdi 


Vertex. 


Due. 


Flat. 


Ko«*d. 


itptara. 


feet 


oc. 


oc 


ox. 


a%. 


OK 


OB. 


01. 


3 


.028 


.064 


.027 


.050 


.05] 


.020 


,028 


4 


.048 


. .109 


.047 


.090 


.096 


.039 


.048 


5 


.071 


.162 


.068 


.143 


.148 


.063 


.072 


6 


.098 


.225 


.094 


.205 


.211 


.092 


.103 


7 


.129 


.298 


, .125 


. .278 


.284 


.123 


.141 


8 


.168 


.382 


.162 


.360 


.368 


.160 


.184 


9 


.211 


.478 


i205 


.456 


.464 


.199 


.233 


10 


.260 


.587 


.255 


.565 


.573 


.242 


.287 


12 


.376 


.850 


.370 


.826 


.836 


.347 


.418 


15 


.589 


1.346 


.581 


1.327 


1.336 


.552 


.661 


16 


.675 


1.546 


.683 


1.526 


1.538 


.634 


.754 


20 


1.069 


2.540 


1.057 


2.528 


2.542 


1.033 


1.196 


Proper, 
number 


126 


291 


124 


285 


288 ll9 


140 



From this table several practical inferences may be drawn. 

1. That the resistance is nearly as the surface, the resistance in- 
creasing but a very little abqve that proportion in the greater sur- 
faces. , 

2. The resistance to the same surface is nearly as the square of 
the velocity, hut gradually increasing more and more above that 
proportion as the velocity increases! 

3. When the hinder parts of bodies are of different forms, the re-' 
sistances are difierent, though the fore pans be alike. 

4. The resistance on the base of the hejnisphere is to that on the 
convex 'side nearly as 2.4 to 1, instead of 2 to 1, as the theory as- 
signs the proportion. 

5. The resistance on the base* of the cone is to that on the vertex 
nearly as 2.3 to 1. And in the same ratio is radius to the sine of 
the angle of the inclination of the side of the cone to its path or axis. 
So that, in this instance, the resistance is directly as the sine of the 

* This is a complete refutation of the popalar asaertioii, that a taper spar Will 
tow in water easiest when the base Is foressost. 

TT 



iStf" MOTION OP BQUBS Ilf TprnW^r 

angle of incidence, the transTeree section being the same, instead 

of the square of the sine. 

.1 

6. Hence we can find the altitude of a column of air, the pressure 
of which shall be equal to the resistance of a body moving through 
it with any velocity. 

' Thoa, le(te«B Um hr<«a of Ihs section of ihe body» iimUai' to aA|r of tbose in th« , 

table, perpendicular to the directioa of jnotioo, 
-&£= the resistance to the velocity, in the table, and 
z = the altitude sought, of a columu of alrw^hoBe base ii» a tfn< ll»|Mr0Mum<B» 

Then a x =s the contento of the columns in feet, and 1.^ a x, or | a« Us wefgMIS 
ounces. 

Therefore, « a x = R, and x = | X - is the altitude sought in feet, nalnely, 5 of ftie 

qiiotlent of the resistance, of any body divided by its transverse section, which Is a 
contsnt quantity for all irtorilttf bodleSf however diSknai in inAttiitude, akice iM 
resistance R is as the section a, «s by anicle 1. ' ~ ' 

When a=r I of a fbot, its in all Ihe 'figures in iflie fare|4liig table«SQBj>t the spall 

lMnDi8phere,;theta x x= .Ix v-i becwnea x =s ^it'^her^ R fs the realstaaoe \n.ib» 

table, to the similar bo<^." ' t .' . I . 

12; for ezaj^ple^ we tiJce die eoQv^^iidti of ^he laii^e^'lteniispheks, iwhose raUat- 

anee is .634,>or at a vek>d(y.of Id.fedt.peristmn^, then»Jl{c=: .634, pi4 z =: -f^ss 

2^3rnS' feet, is Che alHtiade 6f the ' column nftAt whose i^^ur^ it'e^lial to tlMKe- 
iiatance on a spfaerictil ^uifhoe, with a velocity df 16 fe^t. / , 

Aad to Compaq the above altitude with th^ which U'ciife'to tlia .given veldcRy, 
it WHl be 82" : l&'. : 16: i|,;th!e altttiit^e! due tp^he Telo<^y lis, which iis'near dcioi^le 
tbfi altitude ^1^ 1b equal the pfessure. And M the tfltttade is y r oportkm al 4o lh»- 
square of. the velocity; therefore, !n' small I'eHicitles tM fesist^nb* to any apheil-, 
cal surface is equal to the pressure of a column of air olTt tM gre at c ircl e , -wheeeal-- 

titude is ||, or L9M of the alittude ^kui tfo Its vctlof i(y. . / 

' But if fhe cyfilider hetiOMai vAttte tedH^tHBte Rss i4a6| thta 9ft^ }^Ut^S/!% 

which exceeds the height 4, due to the Telotiity, In the ratio '(if 93 to 19 nwMf*^ 
And the difference would be still greater if the body were larger, and also •flT'dw' 
viaioieity iMk« mom.. 

If any body move through a fluid at xe^,or tbe^iiid n&bye a^ain^t 
the body at rest^ the force or resistance of the fluid agajnst the body' 
will be as the square of the velocity and the 4enslty of the 'fluid ; 
tbatis^RcsifcS 

Tot the force oi' feftistbn<»s 4s Ms Aie ifmtitiiy of matter <c partlein 8tru«k,4iad thsi 
velocity with which they are struck. But the quantity * or. ittiiiitaer> of puRietot 
stMCk in a4y lime Me as the velocily 'and the density of the fluid. Therefk^, iht 
iBsistaace or forqe of the fluid is as the density and square of th^ velocity. 

The msistance to.atty)pl«ne is also more or less, as the, plane is greater orles^ 

and therefore the resistaince oiiany plane is as the area of the plane a, the densl^ 

of the medium, and the square of the velocity ; that is, R = a Jo*. 

; If the motioB be net perpendicular, but oblique to the plane,or to the face of tb« 

■ody, then the resistance Ui the dir«cdaai«f the motion will be dimiiUshe4 in Oi% 



MOTION OF Bffm^ IN FLUIDS. flS| 

toipUeate ratio of radius to the sine of the angle of incUnatlon of the plane to the 
direction of the motion, or as the cube of radius to the cube of the sine of that an- 
gle. So that R = adv*s^t 1 =s radiua^jai^ a = sine of the angle of inclination. 

The real resistance to a plane, from a lAufd* acting in a direction perpendicular to 
its face, is equal to the weight pf a column of the fluid, whose base is the i^ane 
sudi »ktitnde equaitot iteu>iri4iliih Is da» tt»tkifti{ill«itsr.oC Die. atotieo^ 0« Hurfugb 
jn^el&«li0avybedrmtu<fcJ^<>>iwq;ii^«titotvdoti^ . , 

The resistasoe.toAiptoto mmliiif iii«eiighi«4ttid-ijiikN» 9iun»:as»thaj(i»se9of t|ie 
fluid in motion with the same yelocity <m the plane at rest But the force of the 
fluid in motion is equalr'ie'the Weight or presMife wh^h generateft that motion, 
^i^id this is equal to the weiglit or pcessure^ of a column, of the fluid, the base of 
Which is the area d'the plane, and its altitude that which is due to the velocity, 

1. If a be the area of a plane, v its valoci^, n the density or specific gravity of 

mS 

theiinUd, aqdj^^pb rd-O^fdet; then, tke altitude due tQ the veldcity v being |-« 



f^',thQH'^^ w«w4m «w»l5;or.'::. yimM -^^^ 



8 ' % 

therefore oX»Xs- = -s — t will be the whole resistance or force R. 

2.' If the direction of tnotibn b6 not perpendibuliuf to th^ face of the planei but 

pblique to it, in an angle ; then R = ^-^ — . 

• ■ - ' i ' ,^» ' ' * 

^ If W represent the weight of the body, a being resisted by the Jibsolut^ Ibeie 

R _^„ ^. anv*s*. 

The resistance to a sphere moving through a fluid, is but half the resistance to 
. it* gMa| ai^^oi!to.lN0kei»A«f. H eyliBiJ^ flC tli* ^Ktm 4iaiQetei(, nwvMig with an 
equal velocity. 

b Qfc= *^!t . * ) , being th^ ludf of thVt of ,a cylindw of the same diameter. R repre' 

■enting radius. :• i ,< 

_. ILLU8TRJITI0N.--A 9.1b. iTon ball,.the diameter bein£ 4 tnchei^ when projected 
at a velocity of 1600 feet p^ second, w^l ni9et a r^tfmce which is equal to a 
weight of 133.66 lbs. over the pressure of the atmosphere. 
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100 Cubic iNCRfts of attnospberic aiT, at the sarfaee of the earth, 
when the barometer is. at 30 inches, and at a temperature of 60^, 
weighs 90.6 grains, beiag 880.1 times lighter than water. 

Specific gravity compared with watcr^ .0012046. 

The atmosphere does not expend beyond 50 miles from the earth's 
surface. 

The mean weight of a column of air a foot square^, and of an al- 
titude equal to the height of the atmosphere, is equal to 2116.8 lbs. 
avoirdupois. 

It consists of oxygen 20, and nitrog^qn 80 parts ; and in 10.000 
parts there are 4.9 parti^ of carbonic acid gas. 

The mean pressure of the atmosphere is usually estimated at 14.7 
lb». per square inch. . . 

13.29 cubic feet of mr weigh a lb. avoirdapois, henee I ton of air 
will occupy 29769.6 cubic feet. 

The rate of expansion of akr^nd all other EU»tic FUaia, for all 
temperatures, is uniform. 

From 32° to 212® they expand from 1,000 to 1376, equal to y|^» 
of their bulk for every degree of heat. 

See Heat, page 201. Pneumatics, page 180. 
' '^ -J^ e^iuU IWKl^ for each degree* 
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S34 WBIOBT Aia> DIMENSIONS OF £EAD£N BAIXS. 



WEIGHT AND DIMENSIONS OF LEADEN BALLS. 



Table ahomng the Number of Balh in a Poundf from l.^ks to 

■^^jf of an Tnch Bore. 



OiUR. 


Siam. 


Numter 1 


. Diam. 


Dian. 


Number 


Diam. 


Diam. 


[ Noanbar 


.1b parts of 


in decimals of baltris a| 


in parts of 


in decinuls 


of balls in a 


inparuof 


in decimals 


of luIIsifiA 


. an inch.. 


of an inch. 


pound. 


an inch. 


of an inch. 


ponnd. 


an inch. 


of an inch. 


pound. 


'• 


1.670 


1 




J>70 


25 




;301 


170 


•^•A 


1.326 


2 




.537 


30 




.295 


180 


1.157 


3 




.510 


35 




. 4)90 


190 




1.051 


4 


•i 


.505 


38 




585 


200 




.977 


5 


-.488 


40 




S81 


sio 


•? 


.919 


6 




.460 


45 




' • .376- 


S30 


.873 


7 




.453 


50 




.272 


230 


T 


.835 


8 


*it 


.426 


60 




.268 


240 


♦ u 


J90Q 


9 


.405 


70 




.965 


250 


TB 


.775 


10 




.395 


75 




JXSt 


260 


> i 


.750 


11 




.<ISo 


80 




.259 


270 


.730 


12 


' f 


.375 


88 


. 


. 356 


280 




.710 


13 


.372 


90 


• i 


^258 


290 


••K 


.693 


14 




.359 


100 


.240 


300 


.677 


15 




.940 


110 




.247 


310 




.662 


16 


• 


.338 


120 




.244 


390 




.650 


17 




.329 


130 




.243 


330 




.637 


18 




.321 


140 




.239 


340 


• { 


.625 


19 


• 1^ 


.314 


150 




.237 


350 




.615 


20 




.307 


160 









^.The exact decimals would be as follows : 

i 



TV 



1.3125 
i>375 

J750 



13 

TV 
1 1 
TV 

1 

2 



.8125 
.6875 
.5000 



1 



.^75 
.3125 
.3500 



ExPARStoK or Shot heated^ to a White Heat. 



Calibra. 



^!xpaiudi 



on 



d2 • 


32 


24 


18 


. 12 


Inches. 
0.11 


Incbes. 
0.10 


Inches. 
0.06 


Inches. 
0.06 


'Inches. 
0.04 



' BxpiB^lmeiit at 
Fort Monroe, 1839. 



WEIGHT AND DIMENSIONS OF SHOT. 



GRAPE. 



CAUBRE OF 


8 Inch. 


42 


32 


84 


. 18 


It 


Diameter of high gauge . 
** . low gauge . 


laches. 
3.60 
3.$4 


Inches. 
3.17 
3.13 


Inches. 
2.90 
2.86 


Inches. 
2.64 
18.60 


ladies. 
2.40 
24)6 


InelMS. 
2.06 
2.68 


Mean wctjght \xi lbs. . . 


6i» 


4.25 


3.25 


2.45 


1«3 


1.19 



WEZaBT AND. VmsmiOSa.OT SHOT. 



£35 



CANISTER. 





42 


82 


r«4ud 

SiBcIt 
how- 
itiMr. 


18 


19 


Sand 
241b. 
how- 
ioer. 


6 


nib.b9wttMr. 


CalHmef 


Fidd. 


Mmutuii 


Diam. of high gauge, 
" low gauge, 


Int. 
2.26 
2.22 


Ills. 

2.06 
2.02 

1.19 


Im. 
1.87 
1.84 

.90 


Im. 
1.70 
1.67 


Im. 
1.49 
1.46 


IH. 

1.35 
1.32 

.33 


IM. 

1.17 
1.14 


Im. 
1.08 
1.05 


Im. 

Mufiket 

balL 


Mean weight in Ibs^ ; 


1^7 


.67 


.45 


ij35 


.17 


.056 



CARCASSES. 



Ckltbraef . 


ISineb. 


10 iadt. 


8 iaeh^ 


42 


» 


84 


18 It 


Mean weight in lbs. . 


. 194 


87.63 


43.62 


29.45 


21.60 


15.84 


12.15 8' 



BRONZE FOR GANNON* 



Copper 90, Tin 10.~ ' - 

Specific gravity is sreater than the mean of copper and tin, vis.' 
8.766. ' 



t DiHBMSioKB IMS loiaBTa^or euns^ shot, Am sbells. 
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P£N£TttATION 6F SHOT AND SHELLS. 



2OT 



PENETRATION OF SHOT AND SHELLS. 



PEMBTRATION IN MASOIYEY. 

' ' ' 
ExperxmanU at;Fori,f£onroe Arsenal in 1839. 



I ''. 



' ' CMitA. 


Gbtrf. 


S^mlion. 


Dulaoe. 


MclUI pOMtrttMNU 


UnsMeS 
gnaite. 


i>bidauiB 
rr««iUikM. 


Haiti 
brick, t 


Shot. 
32Poander(Gan) . 

3htU. 
8 Inoh Howitzer > 


8 

6 


1° 
1*» 85' 


Yui*. 

880 
889 


IncbM. 

3.5 
1. 


12. 

4.6 


iBChM. 

16.26 

8.6 



The solid shot broke against the granite. 

The shells brol^e into small fragments against each of the three 
materials. 



PENETRATION IN WHITE OAK. 
Experiments at New- York Harbour in 1814. 



Calibre. 


Cburga. 


CiitajiM. 


FsBfltntion. 


Remarb. 


32 Pounder . < 


Lb*. 
11 
11 


Yards. 

100 
150 


laehfli. 

60 
54 


Shot wrapped so m 
to destroy the wind* 
age. 



PENETRATION IN COMPACT EARTH 

(Half sand, half clay). 



Cmllbn. 


ChufB. 




DbtaBoet la yard*. 






87 


109 


528 


1094 


Shot, 




Incbet. 


lachei. 


loehet, 


iBChM. 


6.885 


i 


109.1 


102.4 


93.4 


69.7 


ShelU. 






• 






8.782 


4.4 lbs. 


♦48.4 


*46.3 


38.6 


23.2 


Musket . 


154 grains 


9.85 


8.6 


4.3 


— 



The penetrations in other kinds of earth are found by multiplying 
the above by 63 for sand mixed with gravel; by 0.87 for earth 
mixed with sand and gravel, weighing 125 lbs. to a cubic foot ; by 
1.09 for compact mould and fresh earth mixed with sand, or half 
clay; by 1.44 for wet potter's clay; by 1.5 for light earth, settled; 
and by 1.9 for light earth, fresh. 

* With this charge, and at these distances, the shells were often broken. 
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raNBTBATIOH w ma^hjfi^, 



PENETKATXON OF SHELLS. 



Eleva* 


• 

DittkBfle. 


la eoriipifcrEai^h. 


• 


[«QftKV^^ 


! iUHbumj, 


1MB. 




8iM. 


leint. 


ISlM. 


Sin. 
InchM. 


10 int. 


ISiw. 


8 ink 


10 IM. 


tZiai. 




Yarit. 


iBcbat. 


IndMi. 


lachM. 


htfh** 


lodiM. 


InelMB. 


iMhct. 


i,f^^ 


80«*| 


666 


7.8 


17.7 


19^ 


?«9 


, 7,51 


..a.6 


1.9 


3.6 


3.9 


1312 


9.8 


26.6 


27.^ 


4.7 


11.8 


W.7 


2.3 


4.7 


6.1 


45*>\ 


666 


11.8 

i6.r 


19. 6i 


21.6 


6.9 


. 9.8 


10.6 


3.1 


3.9 


4.3 


1318f 


«7.6 


29.6 


7.8 


13^*7 


16.*T 3;t 


6.5 


5.9 


60° 1 


666 


19.6 


29.6 


31.5 


8.6 


13. 


14.6 


4.3 


6.9 


6.3 


1312 


21.6 


81.6 


33.4 


9.8 


L3.7 


16.7 


4-7 


6.3 


6.6 


Falling with i 




















maximum^ 


2^.6 


33.4 


1 35.4 


9.8 


13,T 


t*.7 4.7 


e.6 


7»- 


velocity. ( 


1 












■ 1 


1 
• 





The penetration in Other kiads of earth and stone nay be obtain- 
ed by ^iog: the coeffioiie9kt8.given for th^. other tables. F«r wood% 
use for beech snd ashi 1, for elm 1.3, for white pine and birch 1.8, 
and for poplar 2. 

^ 144 grains of powder in a musket, at 5 yards* distance, will pi^ 
jeet a ball 3 inches into seasoned white oak, and 100 gniika in a 
rifle, at the same distance, 2.06 inches. 



'ir/' •'. 
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MKCELLANEOU& 



ilEClPITULATION Ot WEIOHTS OF VARIOUS SUBSTANCES. 



* < 






Cobie foot in P9uiidt. 


OtbieinchiapQlindt 


^ba^tlron • . '; . . 


450.65 


.2607 


tWrought Irofi . 


• * 


486.65 


.2816 


St,eel • . . ^, 




489.8- 


.2834 


iCopper * . ■ . 




x 


656. 


.32118 


Lead ' . " . 


, ^ 




708.75 


.41015 


Bras^ . . ,, 


' 




587.75 


.3112 


Tin • . • . 






466. • 


.263 


White Pine . 






90.58 


.0171 


Salt Water (sea) 






64.3 


.03721 


Fresh Wiftcr .( 






62.5 


.03616 


Aic .... 






.07529 


1 • ^^ 1 


Steam .... 








^A> 



Il I !■■ t I f I I 



l^dghts'cfd Cubic Fqot of various St^siarifes in 

ordinary use. v, 



!• 



Loose eartk OK s«ii4 


Urn, 

i 96 


Clay and stones - ■, 


. 160 


Common soil . 


. 124 


Cofk* 




• • 


' . 1» 


Strong soil 


. 127 


Tallow 


. « 


• 


69 


Clay 

* 


. 135 Brick 


. . 1 


• 


. 125 

t 


> 

* * 


SLATING. 


! 


1 


I 


k 

1 


Bizt9 of Slatei, 


i 

• 

X 




1 


t)bubl0s . . 


: 1 


' H!hf 6 laches. 


Ladie^' 


, • • 


15 


•* 8 




Countess . 




. , 22 


"11 




Duchess 




26 


"15 




Iitiperial and: Patent 




32 


M26 




Bags and Queens 


k « • ' 


• 39 


•«»27 


- 



* Fr«in t\fp West^jfoint Foundry Association tt Co|di SpfiBft N. T. Othtr •<• 
peilments have given .9613 as the weiglitof a cubic inch, 
t 'Uteter; Itoil Otoipiin^ Snugeitles, N. IT. 
t From PhelpS) Dodge, fc Oo.W Worlis^ ia Hettjr^ CkNU. 
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CXBACITY OF CISTERNS IN U. S. GALLONS. 

For each 10 Inohu .tn D^pth. 

19.6 

30.6 

44.06 

69.97 

78.33 

99.14 
122.40 
148.10 
176.26 
206.86 
239.88 
276.40 



2 


feet diameter 


2i 




3 




3^ 




4 




4i 




6 




5i 




6 




6i 


, , 


7 




71 





TABLE OF COMPOSITIONS 



Coppet. 


Tin. 


SBne. 


2 





1 


3 





1 


4 




i 


6 







5 




i 


8 




p . . 


9 







3 





1 


10 


1 





7«. 


22 


6.6, and leaa 4.3) 


80 


10 



8 


feet diameter 


. 313.33 


Bit 


. 353.72 


9 " 




. 306.66 


9i 




. 461.40 


10 




. 489.20 


11 • « 




. 692.40 


12 






. 705/ 


13 


€( • * 




. 827.4 


14 


4 




. 969.6 


16 






. 1101.6 


20 


1 




. 1958.4 


26 






. 3069.9 


IONS 


1 — BRASS, ] 


BTC 


• t 


For Yellow Brass. 


■ 


" Spelter. 




** Lathe bnishes. 




" Shaft bearings. 




(( (( u 


(hard). 


*♦ , WheelS| bpi^es, 


cocks. See 


" Gun metal. • 


, ■ • ' * . 


** Brass. 






Valves. 







(( 



Bells and Gotags. 



SIZES OF NITTS, EQUAL IN STRENGTH TO THEIR BOLTS. 



Diameter of bdt 
in incbet. 


Short diaoieter 
of not in inches. 


Diuoeierofbolt 
ininchei. 


i 


i 


If 


3 
¥ 


1 


n 


i 


J 


If 


4 


lA 


ij . 


3 




1} 

2 


I 


i| 


.24 


U 


2 


2} 


. ,u .1 


n 


8J 



Short diameter 
of nut in inchei. 



2A 

2H 

9} 

3i 

3i 

'TV 

31 



4} 



Diameter of bolt 
in inches. 



3i 
2f 

n 

3 

3} 

H 
31 



Short diameter 
of not in iodMi. 



4| 



NoTC— The depth of the head should equal the diameter of the bolt; tho inth 
of the nut should eiceed it in the proportion of 9 or 10 to 8. 



SOSmOdidkKBODS. 



^m 



SmBWB/. 



Tablb showing the Nitmiber ofThreadrto an Trick in V thread Screws. 

Diamaa^iAdheo^ f lV ? A I f I } 1 U H H 
No.Athreads, 20 18 16 14 13 11 10 9. 8 7 7 6 



Diam. in ihchesj 
No. ef tiireads, . 



^ Diam. in inches, 
No. of threads, • 



U If 1| 14 3 2} 
6t 6 5 4i 4j^ 4 



4 3J 3| 3t 3J 
5| 51 6 



5^ 



3J 4 41 4J 4| 

3* 3. 2j; 2} 2J 2J 2{ 2| 
Th» depth of^he threads should, be« half their pitch. 



2^ 






21 



The diameter of a screw, to work in the teeth of a wheel, should 
be such that the^aogle-of the-tbreadedoefr not ^Eceed- 10^ 



^^^^ir^^^"^^!""**" 



•^r^^^^^^ 



Ta^lk of the Strength of Capper at diifferant- Temperatuteg. 

■ '♦ 






ije2° 

802O 

392° 



■■I >- < I « 



33079 
3218? 
3087J» 
2*^154 



TenpcntiuVi 



SmBglli in ^bs. 



.48»« 
640° 
«P2° 



26981 
25^20 
2230!^ 



Taopetatorq. 



80to 

912° 

1046° 



Steeogtk in !)»• 



18854 

14789 
11054 



Franklin Instititte, 



DIGGING. 



: 88 i^ic Uet «f Mnd, or 18 tnhib feet of earthy or 17«ubic feiet 
of clay, make a ton. { -' i .- 

18 cubic feet of gravel or earth before digging, make 27 cubic feet 
when dug. 



COAL GAS. 

t 

A chaldron of bituminous coal yields about 10.000 cubic feet of gas. 

Gas pipes lioch in. diameter supply a light equal to- 20 candles. 

1.43 cubic feet of gas per hour give a light equal to one good 
candle. 

1.96 cubic feet equal four candles. 
8. ♦* " " ten *^ 



2^ 



MI8CBLLA2IBOV8. 



ALCOHOL 

Is obtained by distillation from fermented liquors. 

. Prpportion tf AUohol in 100 parts of the foUowing Liquors .* 



Scotch Whiskey . 54.32 | 


Sherry 


. 1^7 


Irish " . 


. 63.9 


Claret 


. 15.1 


Rum 


. 63.68 


Champagne 


. 138 


Brandy . 


• . 53.39 


Gk)08eberry 


. 11.84 


Gin . 


. 51.6 


Elder 


8.79 


Port . . , 


. 22.9 


«xlO • 1 


. 6.87 


Madeira . 


, 22.27 


Porter 


4.2 


Currant . 


. 20.55 


Cider 


. 9.8 to 5.2 


Tenerifie . 

r » f 


. 19.79 


1 1 1 


Prof, Brande, 



WEIGHT OF COMPOSITION SHEATHING NAILS. 



2fVDbM 


UakikiB 

iadia. 


HmAer in 
apoaad. 


Notobar. 


liBBcthia 
iochM. 


Koaibern 
apoiml. 


Nnmbcr. 


LeiiKtIita 
indM. 


NoBilwriB 


1 


} 


290 


6 


1 


190 


10 


H 


101 


2 


} 


260 


7 


n 


184 


• 11 


11 


74 


3 


1 


212 


8 


u 


168 


. 12 


2 


64 


4 


u 


201 


9 


u 


110 


* 13 


2i 


59 


5 


u 


199 








I 







CEMENT. 

Ashes, S parte ij^^^ ^j^, ,,3^ ^g, regigt the weather equal to 



HYDRAULIC CEMENT. 



A barrel contains 300 lbs., equal to 4 struck bushels. 



BROWN MORTAR. 

One third Thomaston lime, 

Two thirds sand, and a email quantity of hair. 



■^SCXXXlKBom, 



im 



Common brick 
Froiit brick . 



BRICKS, LATHS, ETC. 

Dimensions. 

, , 8 to 7|x4ix3iinche8. 



s\ x^xH 



it 



20 common bricks to a cubic foot, wh^n laid ; 

15 " . " "a foot of 8 inch>all, when laid. 



Laths are -If to li inches by four feet in length, are usually set 
i of an inch apart, and a bundle contains 100. 

Stourbridgis fire-brick, 9iX4|X 21 inches. 



HAT* 



li) cubic yards of meadow bay weigh a ton.. When the hay is ta- 
ken out of large or old stacks, 8 and 9 yardis will make a t6n.< 

■ • . • ,' ^ . . 

11 to 13 cubic yards of clover, when dry,, weigh a ton. 



HILLS, IN AN ACRE OF GROUND. 



40 feet apart 


27 hills, 


8 feet apart 


. 680 hills, 


35 " 


<( 


35 " 


e 4< 


. 1210 " 


30 " 


t( 


4§ " 


5 « i " . 


. 1742 « 


25 " 


4( 


69 " 


31 « " . 


. 3566 " 


.20 ". 


it 


im " 


3 " « ' . 


. 4840 " 


f:16 "/ 


« • 


m- «« 


2i " . ; " . 


. 6960 " 


12 " ; 

10 "' 


It ' 


302 V 


2 " ' " . 


. 10890 " 


u • 


435 *» 


1 «« :• i* , 


. 43560 ". 



PISPLACEMENT OF ENGLISH VESSELS OF WAR, WHEN LAUNCH- 
ED AND WHEN READY FOR SEA. 



SattefOttM. 



Wllfht of hall, litiincbed . 
Vifpijiii Mcelved on boftrd . 

Weight eomplete . . . . 



120 
Tom. 

9467 
2143 

4609 


80 
Tom. 

am 

1723 


,74 


Rasee. 
50 


S2 

• 

Ton*. 

loS 

1067 


46 


28 


Conr. 
IS 

Tom. 

281 

396 

607 


Tom. 
1617 
T359 


Torn. 
1448 
1044 

2498 


,T0BS. 

795 
670 


Tom. 

413 

370 

783 


3605 


S976 


2109 


1465 



Briff. 
18 

TSH. 

S13 
219 

455 



Edg^s JT, a 






.HIMBLLiASOBeTn. 



WEIGHT OF LEAD PIPE PES TAED, 
From \ to 4i Jnekig Diameter. 



. 3 



i inch m«£imi 

** strong 
i inch light 

*' medium . 

*^ fttnmg 

*' extra strong 
I inch light 

" medium . 

*' strong 

'* extra strong 
i inch extra light 

« light 

" medium . 

** strong 

^ «ttBftstv0ng 10 
I ineh. extra light 

" light 

« medium . 

*< strong 
H inch extr» light 

«* Ught 

** medium . 

" strong 

" extra strong 14 



4 
3 
4 
6 
6 
5 
6 
7 
8 
6 
6 
8 
9 



4 

8 
10 
12 
8 
9 
11 
13 



8 

4 



12 
8 

14 
5 
5 
4 
6 

12 

8 
10 



liinch«xtrali|^ 9 



lalfai.«adi 



" , light 
« medicrm 



strong 
1| indi medium 

*' Gftrong 
2 inch light 

** medhim 

" strong 
2i inch light ; 

** medium 

** strong 
^3 inch light 

" medium 

** strong 
9) inch medium 

** strong 

'* extra strong 70 
4 inch waste, light, 15 

** '* medium, 21 

« « slrtfng, 26 

4^ inch <* light, 17 

. . " . " medium, 24 

" " strong, 29 



13 
15 
19 
16 
1^0 
16 
20 
23 
25 
30 
85 
30 
35 
44 
45 
64 



Very d^ht Pipe. 



iinch 
I 



« 



WUgkAiBlte.u4tfl«. 

1 . — 

u - 

2 . -* 
2i - 



iin«|bL. 
1.. " 

1* ^} 



8 



12 



14 

4 



3 
5 
6 



lilb«kaBios. 
6 
10 
U 



TIN- 



Docripikw.' 



Single . 
Double X 



idTdiwt. 



10X14 
10X14 



(page. ' 



31 

27 



tbi^WK;^ 



"Thlrlriw of ■hrtt 



M6UI wricU 

ilOfOMlhMt. 



Inches. 
:0125, (or 80Wf li^cik) ' 

.0181, (or 55 to 1 inch) ' 






Ther^ sore usually 225 sheets in a box. 



MISCELLANEOUS. 
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RELATIVE PRICES OF AMERICAN WROUGHT IRON. 



Round, 
' 4 inches 
3i to 2k inches . 
2i " 1 « 


27 

26 to 21 

19 

20 to 29 


Square. 
4 inches 
3i to 2\ inches 

21 " 1 " 


27 

26 to 20 

21 

19 to 26 


Flai, 
1 and i inch to i 
1 ♦* 1 " "1X4 
U " i " "ixA 


26 to 26 

19 

19 to 23 


Hoops, , 

li to i inch . / 

* 

Band , 


24 to 33 
20 



Illustkation. — ^If 4 inch round iron is worth $135 per ton, then 
band iron is worth f 100 per ton, for 27 is to 20 as 135 to 100. 



POWER REQUIRED TO PUNCH IRON AND COPPER PLATES. 

Through an Iron PlatCy with a Punch \ Inch in Diameter, 

.08 inches thick 6025 lbs. 

.17 " »• . . . . . . 11950 " 

.24 " " 17100 « 

Through a Capper Plate, with a Punch ^ Inch in Diameter. 

.08 inches thick 3963 lbs. 

.17 ♦*'"..... . 7833 " 

The force necessary to punc^ holes of different diameters through 
metaJs of various thicknesses, is directly as the diameter of the hole 
and the thickness of the metal. 

4 • 

To ascertain the Force necessary to Puruih Iron or Copper 

Plates. '.■ 

..% '. 
RuL«.— MuUi|Jly, if for iron, 150000, and if for topper, 96000, by 
the diameter of the punch and the thickness of the plate, each in 
inches; the. pro4ttct is the pressure in pounds. 

The use of oil reduces the above .8 per cent, \ 

Jit 



1MB 



WEIGHT OP Sa^AlUS fiOI&LSD IRON. 



iro:n. 

Cast Inoir expands y^AflA •f its lengttl for one .degvee tif htet ; 
greatest change in the shade in this «limate> y^ of Us length ; 
exposed to the sun*s rays, j^^ ; shrinks in ooohng'from ts ^ vw 
ot Its length'; is crushed by a foi^ oif 98,000 Ibs/tipon a square 
inch ; will bear, without permanent alteration, 15,300 lbs. upon a 
square inchi and «n extension of j^^ of its length.. 

Weight m modulus of elasiicity for a base of nn inch square, 

18,400,000 lUs. ; height of modulus of elasticity, 6,790,000 feet. 

.... ..... 

Wrouout Ikon expands y ^A^ of its leqgth for one degree of 
heat ; will bear on a square inch, without perqianent alterition, 
17,800 lbs., and an extension in length of y^Vir* tsoheshre ibree is 
diminished j^ by an increase of 1 degree of heat. 

Weight of modulus of elasticity fbr a base of an inch square, 
24,920,000 lbs. ; height of modulus of eUisticity, 7,550,000 feet. 

'Cwnpared wth cast a«n, tte ttrength is 1.19 timeSfi$s es^mmbSiitif 
0.86 times^ and its stijfnsss 1.3 times. 



•WEIGHT. OF SqUAJElE BOLLED IRON, 
From \' Inch 'to 12 Tneies, 



AND ONE FOOT IN LENGTH. 



Itotn 



•A 

1 
* ¥ 

. 3 
♦Tf. 



a. 



« I 

• ; ; 



•t 



Weight ita 
pounds. 



.013 
.053 

.118 

.211 

.475 

.845 

1.320 

1.901 

2.588 

3.380 

4.278 

5.280 

6.390 

7.604 

8.926 

10.352 

11.883 



Site in 



2. 

2.1 • 

2. 

2. 

2. 

2.1 

2. 

2. 

3» 

3. 

3. 

i: 

3. 
3. 



WfefglMiJi 
pounda. 



13.520 
15.263 
17.112 
19.066 
21.120 
23.292 
25.560 
27.939 
30.416 
33.010 
35.704 
38.503 
41.408 
44.418 
47.584 
/50.756 
54.084 
57.517 
61.055 



sittw 



4. 

1: 

5. 
5. 

1:( 

5. 
5. 
6. 

«.i 

i:l 

7. 
7.i 



VtRtlgliifm 

pounds. 



64. TOO. 

68.448 

72.305 

716.264 

80.833 

84.480 

88.784 

93.168 

97i6.'57 

102.240 

106.953 

111.756. 

118.<J7I 

121.664 

132.040 

142.816 

154.012 

165.632 

177.672 



incluss. 



WdgktlB 

pounds. 



19.0.136 

203.024 

216.336 

230.068 • 

244 .9tt 

266.8M 

273.792 

289.220 

305^056 

321.332 

337.920 

355 a36 

372.-672 

890.6fi8 

408^960 

4^7i812 

447?024 

466.684 

486.656 



ExAMPLc— What is the weight of a bar of rolled Iron H inches square and 12 
Inches long 1 

In oolttma 1st find H, and opposite to it is 7.604 poands, which Is 7 11m. and ^^^ 



J 



•maSBT OF SOVKD BMLED OVI. 



and lh« Ofnm Kmn l n li n oa th^ Ml of 11i« point Indicate tbe 



' Tli6mlghl..li«n.li7UtBT^«in«i. 

IT Iks mljlit fb( In thtB ft ftot in lescth mi n«uk^ IbbTBHUart oianllDo k 



l.;043 

S.'654 
3.580 

4.173 
6.019 
6.S73 
7.O10 
S.I33 
9.333 
10.616 



! Id «, li n^JMO. wbkh b lti< 

:y iiitk— - = 1M.0W 

B. '■< llilof B= 33Jlia 
^ " -tijofj- 3-«W 



WBIQ^ or kOUHD tOLLE» 't&DK, 

fVom } £k& 10 13 JTncAu DwoeUr, 



14.97S 

i6:fi:: 

tS.393 
30,076 
31.944 ' 
23.S8S ' 

. 35.936 

30.340 

93.613 
; '84.8^- 

§!:ll 

43.404 
4S..144 

47.953 

so.sia 



Tha BvpUdvlkD of dill UU ii fMlwir dmlUr to ikM «f at (Mcedlni on 



WEIGHT OF FLAT BOLLED IKOH. 

WEIGHT OF FLAT ROLLED IRON 
Ftcm ixi Inch to 6}xS Inehet, 





nid 




W.l,Ui. 




fro* 








Bfgilh 


Tii* 




W.«UI> 






r»u. 




IllHbS 










•i 






O.SII 


I-t 


"77 




6.808 


2. 


_ 


845 








o.iaa 


1-1 









633 






1 


689 








0.634 










366 






3 


534 


.1 






O.SM 










900 






3 


379 








0,638 










536 






4 


234 








0.793 








3 


168 






6 


069 








1.066 








■3 


803 






6 


914 








0.316 








4 


436 i 




l'. 


6 


758 








0.633 






6 


069 






7 


604 








0.950 








6 


SI 






8 


448 








1.365 








B 






9 


294 








1.584 










970 






10 


138 


.1 






0.369 


11 









686 






10 


983 








0.738 










373 






11 


828 








1.108 








S 


059 






13 


678 








1.477 








3 


746 


3.1 







898 








1.B46 
a.2I7 








3 
4 


433 
119 






3 


795 
693 


1. 






0.4S3 








4 


806 






3 


591 








0.845 






6 


493 






4 


488 








1.867 








e 


178 






6 


386 








l.«80 








6 


864 






6 


283 








».iia 








.7 


551 








181 








».534 








8 


337 








8 


079 








3^.966 


l.i 









739 








8 


877 


1 * 






0.475 










479 








S 


874 








0.950 








3 


318 











778 








1^435 








3 


957 










670 








I'.SOl 








3 


696 








3 


667 








4.375 








4 


435 








3 


466 








2U860 








6 


178 






4 


363 








3.33 






6 


914 


3.1 






950 








a.80 ■ 








6 


653 




1 


1 


900 


l-l. 






0,63 
1-.05 

i& 

3.163 
31.69 


i.r 






7 

8 
9 


3 


393 
133 
871 
610 
793 
684 
378 




1. 
..J 


2 
3 

4 
6 
6 
7 
8 


759 
708 
653 
604 
654 




1 




4;.2S4 










1G8 











SOS 




I 




4j.75 








3 


960 








10 


465 


l.i 






ff.580 

1.16 








4 

5 


763 
544 




; 




11 
IS 


406 
356 








1.74 






6 


336 








13 


307 








2.335 






7 


139 








14 


»T 








3.904 






7 


931 






15 


SM 








3.484 






8 


713 






16 


IfiS 








4.06 






9 


506 


3.) 






003 
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4 
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6 
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6 
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9 
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37.881 
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11 


617- 






4.110 
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13.043 
14.045 
16.049 
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13 
15 
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940 
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6.866 
8.237 
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16 
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17.054 






17 
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K 
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S. 
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19 
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1. 
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SO 
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23 
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34 


395 
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20.694 








7.89^ 
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3 
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3. 
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3. 
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8 
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9 


TUB 
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10 
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13 
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13 
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14 
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11.838 


3.1 
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IB 
18 
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14.785 






3.337 








80 
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81 
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19.231 














84 


SSi 








30.889 
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32.178 
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23.656 




i 
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% 
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S9.670 
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13.308 
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35.485 






14.417 
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3S.441 






15.638 











a. J' 






1.684 






16.639 








7 








3.168 






17.744 






1 3 








4.763 






18.851 






1 








6.336 






19.98J 






7 








7.921 




»! ■ 


S1.07J 
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9.606 




■8. 


33.18] 




1^ 


M 








11.089 


. 
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;■ 
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Taslb— <Ooiitiiuied^ 



Ihvadik 


TMCIMNH 


r WdfbtiB' 


BrMilh 


TkickacM 


W««ltti» 


Bn^k 


Tkirtmw 


Weichtia 


laincbM. 


iniodiw. 


pmiMi* 


iaiMlMt. 


IB iachM. 
2.i 


pMiad*. 


(•isclkBt. 


is iadiH 


pMmds. 


3.1 


i:l. 


14.257 


4.i' 


84.WT 


6.i 


2.1 


44.365 




15.841 




2.1. 
2.1 


38.019 




48.791 




l.f 


17.425 




41.820 




3. 


53.226 




1 . • 


19.009 


• 


3. 


45.623 




3.i 


57.662 




1 . 


20.594. 


:• 


3.i. 


49.425 




3.1 


63.097 




1. 


22.178: 


, 


3.i 


53.226 




3.i 


66.5.33 




• 


23.762 


• 


3.i 


67.028 




4. 


70.968 




2. 


25.346. 


1 


4. 


60.830 




4.1 


75.404 




2.f 


28.514* 
31.68^ 




4.1 


64.633 




4.1 


79.839 




A- 

2.) 


4. J. 


. ' 


4.013 




4.i 


84.275 




34.851 




.' •. 


8.026 




5. 


88.710 




3. 


38.0ia 




.1 


12.039 


5.1 


•1 


4.647 




3.i 


41.187 




I. 


16.052 




:t 


9.294 




3.} 

9 


44.355^ 




l.i 


20.066 




13.940 


4. 


1.690 


, 


1.1 


24.079 




1. 


18.587 




.i 


3.380 




l.J 


28.093 




1*1 


23.234 




« 

•T' ' 


6.75ft 


. 


2. 


82.105 




1.1 


27.881 




2 

. . . 


10.138: 


^ 


2.i 


36.118 


■ 


l.i 


32.527 




1. 


13.51ft 
16.897. 


V 


n. 


40.131 




2. 


37.174 


■ 


l.i ' 




44.144 




2.1 

2.1 


41.821 




l.i^ 


20.2771 




3. . 


48.157 




46.468 




1.1 


23.659 


• 


3.i 


52.170 




2.i 


51.114 




2. 


27.039 




3.i 


56.184 




3. 


55.761 


• 


2.i 


30.41^ 


• 


3.1. 


60.197 




3.i 


60.408 




2.i 


83.79& 


/ # 


4. 


64.210 




3.1 


65.055 




2.1 


37.174i 




4.i 


68.223 




3.1 


69.701 




3. 


40.554 




4.1 


72.235 




4. 


74.348 




3.i 


43.933 


5. 


a % 


4.224 




4.i 


78.995 




3.# 


47.313 






8.449 




1:1 


83.642 




3.1^ 


50.693 


' . 


12.673 




88.288 


4.1 




1.79^ 




1. 


16.897 




5. 


92.935 


• • * 


3.591J 


, . 


l.i 


21.122 
25.346 




5.1 


97.682 


• 


• ^ 


7.18B 




I'l 


5.1 


.^ 


4.858 


• 


• 4 


10.773 


' 


l.i 


29.5701 




•'a 


9.716 




1. 


14.3641 




2*. 


83.795 


* 


. j| 


14.674 




l:t 


17.953 




2.i 


38.019 




1. 


19.432 




21.54^ 


• •. . 


24 


42.24| 


. 


1>1 


24.290 


* 


1.1 


25.13.1 


' 


2*^ 


46.46i 


' 


1*1 
1.1 


29.148 




2. 


28.72^ 


• 


3. 


50.6991 




34.006 




2.i 


32.31S 
85.90J 


< 1 


3.i 
3.1 


54.916 




2. 


38.864 




2.i 


i 


59.14Q 


1 


24 


43.722 




2.1 


39.497! 


■ 


34 


63.365 




2. 


48.580 




3. 


43.08S 




4. 


67.589 




2.1 


53.437 




3.i 


46.679 


. 


4.1 


71.813 


: 


3. 


58.296 




3.f 


50.269 


■ • 


4.1 
44 


76.038 




3.1 


63.154 




3.1 


53.86qj 
57.450 




80.262 




3.1 
3.1 


68.012 




4. 


5.i 


mi 


4.43d 




72.870 


4.1 


.i 


3.802 




* S 


8.87J 


• 


4. . 


77.728 




.1 


7.604 




.^ 


13.307 
17.742 




4.1 


82.585 




.* 


11.406 
15.208 


» 


1. 




4*1 
4.1 


87.443 




1. 




l.i" 


22.178 




92.301 




\.k 


19.010 




1.1 


26.618 


, 


5. 


97.169 


' 


l.J 22.812 
1.1. 26.614 
2. 30.4l| 


' 


la 


31.049 




5.i 


102.017 




. . 


2. 


35.484 




5.1 


106.876 






3^' 


39.92$ 




6. 


U6.693 



WfilGHT dp FLAT ROLLED IJCOIT. 25t 

ExAiiPLB«.->What is the weigiift of m iuir of bron 5i inches in breadth by | hichM 
thi^f 

In colomn 4, page 850, find 51, and below it, in column 5, | ; and opposite to that 
Is 13.307, which is 13 lbs. and ^j^^ of a lb. 

For parts of a lb. and of a foot, operate precisely similar to the rule laid down for 
table, page 347. 



^EIGHTS OP A SQUARE FOOT OFJRON IN AVOIRDtXPOIS FOUNDS. 

TKIOKNUaS BY WIBX OAUGt. . 



Ncongauge . 1 |3i^|4|^M|7M|0| 

Founds . . 12^ 1 12 I 11 I 10 I 9 1 8 i 7i» I 7 I 6 i 

• . ■ • . ■ 

No. on gauge .13 I 13 I 14 I 15 I 16 i 17 I 19 I 10 I 30 i 
Fbonds . .4J« 14.314 4 I SLOS i 3 i 3.5 I 3.16 f 1.03 I li» I 

I 

KttJBber 1 la -^t number 4 is J, and number 11 is ^ of an inchJ 



10 I 11 
5.081 5 

31 I 83 
1.5 11.37 



k . 



CAST IRON. ' 

t . 

-To ascertain the weight of a cast iron Bar or Rod, find the weight of « wrought 
Iron bar or rod of the same (flmenstons in the preceding tables, aud firoiQ the weight 
deduct the ^i^th part ; or say, 

.As 480.05 : 4S0M : : the weight in the table : to the weight required. ' Thus^ 

. * 

What te the weight of a p)ece of cast iron 4x3$X 13 iichies ? 

In table, page 250. the weight of a piece of wrought i^on of 'fti^ dlmensioikB ti 

5Q.0B21ba. t ' \ . 

486J65 : 450.65 : : 5Q.692 : 46.93 Ikt. 

» I ■' ■ 

Or, by an easier mode, though not so miniitely correct^ 

Aa 281: 360:: 50.093: 46.90 ifaf. , 

To find the Weight of a piece of Cast or VfROvawr Iron of any 

\ site or shape, , 

t ' ' • 
By the rules given in MeiAor^tion of Solids (see phfesSl), ascertain the number 

of cubic inches in the pleie, multiply by .the weight of a cubic inc^ and the 

product will be the weight ih ptmnds. 

. BZAMPLKf. 

What is the weight of a blocic of wrought iron 10 inched square by 15 Inches in 
length 1 

10X10X15 srlSOO cubic inches. 

.2816 weight of a ctble faich. 

423.4000 pounds. 

t 
What Is the weight of a cbt iron ball 15 Inches in ditimdter t 

By table, page ^^176.7149 cubic inches.' '' • 

.2607 weight of a c^bie Inch*' 

400.6057 pounds. « '' 



.mwHT or dnc'tsoH rmn - 



OF CAST IRON FIFES OF DIFFERENT TEICEHESSBS, 
From 1 Inch to 30 /riAu £ore. 
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60 
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B3 
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114.73 
133.36 
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16 
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54 

1! 


8. ' 






83 
41 
03 


38 
64 
68 


13. 






66.14 
83.46 
101.08 


3, 
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17 
S3 
37 


38 
16 
lil 
66 


8.1 
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64 
76 

se 

44 


S7 
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18., 






118.9? 
8S.6S 


3-* 
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33 
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40 
72 
64 
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66 
68 
80 
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60 








104.76 
123.30 
U8.10 


9-k 




.18 
3S 
31 


66 
37 
30 
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S8 
60 
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14. 






71.07 
89.61. 
108.46 ' 


3.1 
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26 


90 
83 
07 








71 
84 
97 


70 
70 

98 


14.1 






137.60 
147.03 
73.78 


4 
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06 
38 
94 


9.1 






48 
62 
78 


98 
OS 
33' 








98.66 
113.10 
131.8a 


4.* 




23 
39 


36 
86 








88 
102 


98 
90 


16. 






161.98 
78.96 






ae 


73 


10. 






61 


46 








oa.Ts 


4.i 




a4> 

31 
3S 


49 
40 








6* 
78 
93 


08 
98 
34 








1)8.78 
136.18 
tfiO.St 


4.1 




40 


70 
91 
43 


lO.l 






198 
63 
68 


84 
88 

14 


16.1 






78.40 
98.78 
119.48 


6. 




S6 
34 
43 


28 








83 
97 


68 
44 

68 


16. 






140.40 
161.81 
60.87 


6.1 




39 
37 
4fi 


40 
44 

94 


11. 






71 
86 


34 
19 
40 








101.81 
113.14 
144.76 


6. 




40 


83 
66 








101 
117 


83 
60 


16.1 




1 


166.60 
8S.S0 
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BOTB. 



16.i 



17. 



17,i 



18. 



19. 



20. 



2K 



Tablk— (Continued). 

Thicknets) WeigbL Bore. Tbidcnes* Weight. 



Inches. 



1 



1 



PauBide. 

104.82 
126.79 
149.02 
171.60 

86.73 
107.96 
130.48 
163.30 
178.58 

88.23 
111.06 
134.16 
157.59 
181.33 
114.10 
137.84 
161.90 
186.24 
120.24 
146.20 
170.47 
195.92 
126.33 
152.53 
179.02 
205.80 
132.50 
159.84 
187.60 
215.52 



23. 



24. 



25. 



Incbfli. 



'i 



.i 






Foundt. 

138.60 

167.24 

196. 46e 

225.38 

144.77 

174.62 

204.78 

235.28 

150.85 

181.92 

213.28 

245.08 

156.97 

189.28 

221.94 

254.86 

196.62 

230.56 

264.66 

204.04 

239.08 

274.56 

211.32 

247.62 

284.28 

218.70 

256.20 

294.02 

226.20 

264.79 



Bore. ThlekneM Weight. 



lachee. 

30. 
81. 



82. 



83. 



34. 



35. 



36. 



1.- 



• I 



Ponnda. 

303.86 

343.20 

233.40 

273.40 

313.68 

354.24 

240.76 

281.94 

323.49 

366.29 

248.10 

290.50 

333.24 

376.26 

255.45 

298.88 

342.88 

387.13 

431.76 

262.70 

307.62 

352.86 

398.10 

443.96 

270.18 

316.36 

362.86 

409.34 

456.46 



1 

Non.— These weights do not include any allowance for spigot and faucet ends. 



STRENGTH AND STIFFNESS OF METAL8. 




Cast Iron being 1. 




Wrought iron . . . . 1.12 

Brass .485 

Zinc 365 

Tin 182 

Lead. 046 


1.8 
.49 
.76 
.26 
.0386 



i54s WEIGHT OF A SQlTARfe PdOT OF CABT 2E0N, ETC. 



WEIGHT OF A SQUARE FOOT OF CAST AND WR0T7«HT IBON9 

COPPER, AlfO L^AD, 

From r^h to fi.Iruhei thick. 



tkickMH. 


CwtllOB. 


Wrooshtlroo. 
Hard mud. 


HSfSSed. 


Lad. 




Fouadc. 


Founds. 


fovodu 


IVranda. 


•tV 


2.346 


2.817 


2.890 


3.691 


.* 


4.698 


5.035 


B.781 


7.382 


A 


7.039 


7.562 


6.672 


11.074 


■k 


9.386 


10.070 


11.662 


14.765 


•tV 


11.73B 


12.588 


14.453 


18.466 


t 


14.070 


15.106 


17.344 


22.148 


■ .A 


.16.426 


17.623 


20.234 


26.639 


.* 


18.77B 


20.141 


28.126 


^9.630 


• 

•T» 


21.119 


22.659 


26.016 


33.222 


1 


23.466 


26.176 


28.906 


36.013 


•H 


25.812 


27.694 


31.797 


40.604 


.1 


28.159 


30.211 


34.688 


44.296 


,.H 


30.505 


32.729 


37.678 


47.987 


i 


32.852 


35.247 


40.469 


61.678 


'U 


35.199 


37.764 


43.369 


65.370 


I inch 


37.645 


40.282 


46.250 


69.061 


l.i 


42.238 


45.317 


62.031 


66.444 


l.i 


46.931 


60.362 


67.813 


79u9RB 


l.f 


61.625 


65.387 


63.694 


811.JW0 


I.J 


66.317 


60,422 


69; 376 


80.692 


l.| 


61.011 


65.458 


76.156 


95.976 


1.1 


65.704 


70.493 


80.938 


103.358 


1.1 


70.397 


75.628 


86.719 


110.740 


2. 


75.090 


80.663 


92.. 500 


118.128 



NoTi6.--The Specific Gravity of the Wrought Iron Is that of Pennsylvania 

Slates, and of the Copper, that of plates from the works of Messrs. Phelps, Dodso. 
; Co., In Connecticut The Lead, a moan from several places. 



WEIGHT AND CAPACITY OF CAST IBON AND I,BA.P BALLS. ^55 



WEIGHT AND CAPACITY OF CAST IRON AND 

LEAD BALLS, 

From 1 to 20 Inches in Diameter. 



Diimeter ia 


Capacity hi cnbie 
iacbes. 


CAST IRON. 
FDoada. 


LEAD. 

Povoda. 


1. '. 


.5285 


.1365 


,2147 


l.k 


1.76T1 


.4607 


' ,7248 


3. 


4,1887 


1.0920 


1.7180. 


3.i 


8«1812 


2.1328 


3.3554 


3. 


14,1371 


3.6865 


5.7982 


3.i 


22.4492 


5.8525 


9.2073 


4. 


83.5103 


8.7361 


13,744 


4.i 


47.7129 


12.4387 


19.569 


5. 


65.4498 


17.06188 


26,843 


fi.i 


87.1137 


22,7206 


. 35.729 


6. 


113.0973 


29.4845 


46.385 


6.i 


143.7932 


37.4528 


58.976 


7. 


179.5943 


46.8203 


73.659 


7.i 


220.8932 


57.5870 


90.598 


8. 


268.0825 


69.8892 


109.952 


8.i 


321.5550 


83.8396 


131.883 


9. 


381.7034 


99.5103 


156.553 


ft.* 


448.9204 


117.0338 


184.121 


10. 


5^3.5987 


136.5025 


214.749 


11. 


696.9098 


181.7648 


285.832 


12. 


904.7784 


235.8763 


371.096 


13. 


1150.346 


299.6230 


471.806 


14. 


1436.754 


374.5629 


589.273 


15. 


1767.145 


460.6959 


724.781 


16. 


2144.660 


559. U42 


879.616 


17. 


2572.440 


670.7168 


1055.066 


18. 


3053.627 


796.0825 


1252.422 


19. 


3591.363 


036.2708 


1472.970 


JJO. 


4188.790 


1092.0290 


1717.995 
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WEICai OF COFPEa EODS AND PIPES 



WEIGHT OF COPPER RODS OR BOLTS, 

From i to 4 Inchet in Diameter^ 

AND ONE FOOT IN LENGTH. 



lameter. 


PrniDdi. 


1 
•1 


.1892 


•A 


.2966 


• i 


.4266 


•A 


.6794 


1 

•J 


.7667 


9 
•IT 


.9578 


.f 


1 . 1824 


-a 


1.4307 


'i 


1.7027 


13 

•16 


1.9982 


.) 


2.3176 


•H 


2.6606 


u 


3.0270 



Diuneter. 



l.lV 

i.i 

1 3 

i-A 

i-i 

i-A 
i.| 

i-A 

1 5 

»•! 

2. 



FtouMh. 


Diam^er. 


Ftaadi. 


3.4170 


2.1 


13.6677 


3.8312 
4.2688 
4.7298 . 


2.i 
2.t 
2.i 
2.1 


16.3261 
17.0760 
18.&161 
20.8562 


6.2140 - 


2.i 


22.8913 


6.7228 
6.2647 
6.8109 


2.} 
3. 

3.i 


26.0188 
27.2436 
29.6694 
31.9722 


7.3898 


3.i 


34.4816 


7.9931 

9.2702 

10.6420 


3.i 
3.1 
3.i 
3.f 


37.0808 
39.7774 
42.6680 
46.4650 


12.1082 


4. 


48.4330 



WEIGHT OF RIVETED COPPER PIPES, 

From 6 io 30 Inches in Diameter^ from 8 Ip-^iks thickf 

AND ONE FOOT IN LENGTH. 



Dimm. 


TbieknMi 


Weight in 


Dtu». 


Ibicknen 


Weictat in 


Diam. 


Thickness 


Weight ia 


inim. 


in leiha. 


poimiii. 


inim. ' 


in 16tlis. 


pounds. 


in ins. 


in leibs. 


ptnuKls. 


6. 


3 


12.497 


9.i 


4 


30.698 


19. 


4 


60.142 


5. 


4 


16.880 


10. 


4 


32.208 


19. 


5 


76.233 


&.k 


3 


13.628 


11. 


4 


35.200 


20. 


6 


78.208 


5.i 


4 


18.395 


12. 


4 


38.456 


21. 


6 


82.984 


6. 


3 


14.765 


13. 


4 


41.456 


22. 


6 


86.771 


6. 


4 


19.908 


14. 


4 


44.640 


23. 


6 


90.571 


6.^ 


3 


16.8^7 


16. 


4 


47.646 


24. 


6 


94.308 


6.i 


4 


21.415 


16. 


6 


69.588 


25. 


6 


98.122 


7. 


3 


17.034 


16. 


4 


50.752 


26. 


6 


10K897 


7. 


4 


22.932 


16. 


6 


63.470 


27. 


6 


106.700 


7.1 


4 


24.447 


17. 


4 


53.856 


28. 


5 


109.446 


8. 


4 


25.961 


17. 


6 


67.344 


29. 


6 


113.221 


8.* 


4 


27.471 


18. 


4 


57.037 


30. 


6 


116.997 


9. 


4 


28.985 


18. 


6 


71.258 









The above weights include the laps on the sheets for riveting and caulking. 

The weights of the rivets are not added ; the number per lineal foot of pipe 
depends upon the distance they are placed apart, and their size upon the diame- 
tor of the pipe. 



CQPPSS, LEAD) AND BRASS. W1 



COPPER, 

To ascertain the Weight of Copper, 

Bulk.— Find by ealculation the nmnber of eubie inches in the piece, multiid/ 
them by ^118, aifd the product will be the weight in pounds. 

ZxjjULM.'-^'WhBt is the weight of ft copper plate i am inch tUck by 10 InehM 
Mliuure} 

16* = 356 

^ fori- an inch* 
lS8.0X.3m9 = 41.111 pounds. 



LEAD. 
To ascertain the Weight of Lead, 

BvLS.— Flnd'by ealcmlatlon the number of cubic inches in the piece, and molti* 
Idy (be sum by 41015, and the product will be ttie wei^^t in pounds. 

ExMlFLB.— What is the weight of a I^en pipe 13 feet long, 3| inchea in dtam- 
0ter, and 1 Inch thick 1 

By rule in Mmsuration of Surfacest td aaeertain thi Area of eylindncal ring\ 

Area of (^1+1) £= 35.967 
*» •• ^ t= 11.044 

DiiTerenee, 14.983, or area of ring. 

144 = 12 i^t. 

2148J01SX .41015 =s 881.376 pounds. 



m ■ I 1 1 1 ! " ' ' . ; '* 'I " 



BRASS^ 

To ascertain the Weight of ordinary Brass CastingSm 

fttTLC— Find the number of cubic inches in the piec^ maltiply by .3118, and the 
ndodwt will be the weight in pponds. . 



st&s 



CABLES AKS ANCH0E8* 



CABLES AND ANCHORS. 

Table showing the Size of Cables and Anchors proportioned to the 

Tonnage of Vessels, 



TbawfeoT 


Cablet. 
CiTCiiniKrMics 


Chkla Cablet. 
DiaBwiarm 


rnoTiii 


Weight of 
AMberhi 


Weight or a 
CkiiMMnof 


Weight ofa 
fctbomar 


TCMeu 


io ineliH. 


iocbet. 


toot* 


pouadi. 


Chain. 


CuMo 


6 


3. 


•A 


•i 


56 


6.i 


2.1 


8 


4. 


• i 


i.l 


84 


8. 


4. 


10 


4.i 


•A 


2.i 


112 


11. 


4.6 


15 


6.* 


•i 


4. 


168 


14. 


6.5 


25 


6. 


•A 


5. 


224 


17. 


8.4 


40 


6.i 


i 


6. 


386 


24. 


9.8 


60 


7. 


•H 


7. 


392 


27. 


11.4 


75 


7.i 


• 1 


9. 


532 


30. 


13. 


JOO 


8. 


•H 


10. 


616 


36. 


15. 


130 


9. 


.; 


12. 


700 


42. 


18.9 


150 


9.i^ 


•tf 


14. 


840 


50. 


21. 


180 


10.^ 


1. 


16. 


952 


56. 


25.7 ' 


200 


11. 


i-A 


18. 


1176 


60. 


28.2 


240 


12. 


1-4 


20. 


1400 


70. 


33.6 


270 


12.i 


i-A 


21, 


1456 


78. 


36.4 


320 


13.^ 


i.i 


22.^ 


1680 


86. 


42.5 


860 


14. 


J-A 


25. 


1904 


96. 


45.7 


400 


14.i 


i.i 


27. 


2072 


104. 


49. 


440 


16.i 


i-A 


30. 


2240 


115. 


56. 


480 


16. 


i-i 


. 83. 


2408 


125. 


59.5 


520 


16.^ 


i-A 


36. 


2800 


136. 


63.4 


670. 


17. 


M 


99. 


3360 


144. 


67.2 


620 


1.7.i 


1 >i 


42. 


3920 


152. 


71.1 


680 


18. 


l-i 


45. 


4200 


161. 


76.6 


740 


19. 


1|* 


49. 


4480 


172. 


64.2 


820 


20. 


l-l 


52. 


5600 


184. 


93.3 


900 


22. 


1-H 


56. 


6720 


196. 


112.9 


1000 


24. 


s. 


60. 


7168 


208. 


134.6 



The proof in the U. S. Naval Service is about ISt^ per cent, len than the above. 

The utmost strength of a good hemp rope is 6400 lbs. to the square inch ; In prae- 
tiee it should not be subjected to more than half this strain. It stretches ftom 4 to 
•i^, and its diameter is diminished from ^ to ^ before breaking. 

A difference in the quality of hemp may produce a difference of ;| in the elieBgth 
of ropes of the same size. 

The strength of Manilla is about | that of hemp. 

White ropes are one third more durable. 



OtBTiBS. 
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CABLES. 



Table thowing what Weight a good Hemp CahU will bear with 

Safety, 



CfawmCenitce. 


PvoDda. 


Cirramference. 


Foimdi. 


CirenmrereBM. 


POUMUa 


6. 


4320. 


10. »6 


12607.6 


14.60 


25230. 


6.25 


4687.5 


10.50 


13230. 


14.76 


26107.6 


6.50 


5070. 


10.76 


13867.5 


16. 


27000. 


6.75 


6467.6 


11. 


14620. 


15.26 


27007.6 


7. 


5880. 


11.25 


15187.5 


15.50 


28830. 


7.26 


6307.5 


11.50 


15870. 


15.76 


29767.6 


7.50 


6750. 


11.75 


16567.6 


16. 


30720. 


7.76 


7207.6 


12. 


17280. 


16.26 


31687.6 


8. 


7680. 


12.25 


18007.6 


16.50 


32670. 


8.25 


8167.5 


12.50 


18760. 


16.76 


33667.5 


8.50 


8670. 


12.76 


19607.6 


17. 


34680. 


8.76 


9187.5 


13. 


20280. 


17.26 


85707.6 


9. 


9720. 


13.26 


21067.5 


17,50 


36750. 


9.25 


10267.5 


13.60 • 


21870. 


17.75 


37807.6 


9.50 


10830. 


13.75 


22687.6 


18. 


38880. 


9.76 


11407.5 
12000. 


14. 


23520. 


18.26 


39967.6 


10. 


14.25 


24367.6 







To ascertain the Strength of Cables, 

Multiply the iquare of the circamference in inches by ISO, and the prodaet It 
the weight the cable wUlbear in pounds, with safety. 

To ascertain the Weight of Manilla Ropes and Hawsers. 

Multiply the sqnare of the clrcumfeFence in inches by X&y and the prodncf if 
die weight in pounds of a foot in length. 

This is but an approximation, and yet it is sufficiently correct for many purposea. 



Tablk showing what Weight a Hemp Rope will bear with Safety, 



CtreoBifaraBM. 


JIMUMU. 


Cireomfaaice. 


Foond*. 


Cifeamfennoe. 


FlMBda. 


1. 


200. 


3.1 


2450. 


6. 


7200. 


1-i 


812.6 


8.i 


2812.5 


6. 


7812.5 


l-t 


450. 


4. 


3200. 


6. 


8450. 


l.i 


612.5 


4.;; 


3612.5 


6. 


9112.5 


2. 


800. 


4. 


4050. 


7. 


9800. 


2. 


1012.6 


4.i; 


4512.5 


7.;; 


10512.5 


2. 


1260. 


6. 


5000. 


7. 


11250. 


2. 


1612.6 


5.i 


6512.6 


7. 


12012.6 


8. 


1800. 


6.i 
5.1 


6050. 


8. 


12800. 


8.i 


2112.6 


6612.6 







SK0 QJkMlM^ 

To ascertain the Strength of Ropes. 

Multiply the square of the circumference in inchei by SIOO, and it glYei dw 
weight the rope will bear in poundSf with safety. 

To ascertain the Weight of Cable4aid Ropes, 

Multiply the equare of Out eircumfereDce in inchei by .036^ and tlu product ii 
the weight in pouds of a ftraC (n leagth. ^ 

To ascertain the Weight of Tarred Ropes and Cables. 

Moltiplv tlie square of t^e circumfereoce by 5113, and diTide by 0; the product 
Is the weight of a fiiUiom ii pounds. 

Or, mulUply the square odf the oircumferenca by .04^ ant the product Uk the 
welj^t of ikfoot. 

For the tUtimate «frMvlA, ditrtde ttae flqu^ro of the circqiofi9i«BC« in inchiQi tf 
6; theproduet la the weight in tona. 

A PQiwra iach of hemp ilbres will stvport a weight of 9900 Iba. 






BLOWING ENGINES. Ht 



BLOWING ENGINES. 

The object of a blast 13 to supply oxygen to furnaces. 

The quantity of oxygen in the same bulk of air is different at dif- 
ferent temperatures. Thus, dry air at 85^ contains 10 per cent, less 
oxygen than when at the temperature of Z29 ; when saturated with 
vapour, it contains 12 per cent. less. 

Hence, if an average supply of 1600 cubic feet per minute is re- 
quired in winter, 1650 feet will be required in summer. 

The pressure ordinarily required for smelting purposes is equal to 
a column of mercury from 3 to 7 inches. 

The capacity of the Reseiroir shonld elceed that of the eyUnder or eylindeBs, and 
the area of the pipes leading to it should be -j^ of the area of the cylinder. 

The quantity of air at atnospheric denatty deliveied into the feservoijri in conse- 
quence of escapes through the valves, and the partial vacuum necessary to produce 
a current, will tie about ^ leas than the capaci^ of the cylinder. 

To find the Power when the Cylinder is Double Acting. 

Let P represent pressure in lbs. per square inch, 

V " the velocity of the piston in feet per minute^. 
a *' the area of the cylinder in inches, 
1.25 '* the friction necessary to work the machinery. 

Then Fva 1.25 = the power in lbs. raised 1 foot high per minute. 



Fva 1.25 



When Single Acting. 
= the power in lbs. raised 1 foot high per minute. 



2 
Mr expands nearly 2} Hmee ita bulk while in the Jire of am eritnmy fianum. 

Dimensions of a Furnace^ Engines^ ^. 

Furnace. At Lonakoning (Md.). Diameter at the boshes 14 feet, which flUl 
in, 6.33 inches in every foot rise. 

Engine. Diameter of cylinder 18 inches, length of stroke 8 feet. 

Averaging 13 revolutions per minute, with a pressure of 50 lbs. per square inch. 

Boilers. Five : each 24 feet in length, and 36 Inches in diameter. 

Blast Cylinders. 5 feet diameter, and 8 feet stroke. ' 

At a pressure of ttom 3 to 9i lbs. per square inch, the quantity of blast is 3770 
cubic feet per minute, requiring a power of about 50 horses to supply it. 

180 tons air is required to make 10 tons pig iron, and bam Che coke ftom 50 tons 
eoal. The ore yielding about 33 per cent, of iron. 

Steam Boilers. Two cylindere, 13 inches in diameter and 13 inches stroke, aided 
by exhausting into a condenser, and with steam of 30 lbs. pressure per square iqch, 
will make 50 revolutions per minute, and drive 4 blowers, each 54 inches hi diame- 
tsr, and 30 inches wide, 300 revolutions in a minute, furnishing the necessary blast 
for burning anthracite coal on a grate surface of 106 square feet; supplying 440O 
cubic feet steam per minute,. at a pressure of 30 lbs. per square inch. 

35 cubic feet of steam used in the cylinder of a blowing engine will dHvr 
blowers 4 feet in diameter by 36 inches fhce, and furnish the necessary blast t 
an anthracite fire, for generating 1150 cubic feet steam, the time 1 minute, r- 
pressure per square inch 35 lbs. 
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MISCELLANEOUS NOTES. 



ON MATERIALS, £TC. 

Woitd is fVotn 7 to 20 times stronger transversely than longita- 
diaally. 

' In Builbn^s ei|MMrknentS) h^ d, and /being the breadth, depth, and 
length of a piece of oak in inches, the weight that broke it in pounds 

' The hardne9* ^ meials is as follows : Iron, Platina, Copper, Silver, 
Gold, Tin, Lead. 

. A piece spUccid on to 6treng[then a beam should be on its convex 
side. 

Springs are weakened by use, but recover their strength if laid by. 

A pipe o{castir<m 15 inches in diameter and .75 inches thick wilt 
sustain a head of water of 600 feet. One of oaA:, 2 inches thick, and 
of the same diameter, will sustain a head of 180 feet. 

When the cohesion is the same, the thickness varies as the hei^^k 
X the diameter. 

When one beam is let in, at an inclinBtion to the depth of another, 
so as to bear in the direction of the fibres of the beam that is cut ; 
the depth of' the cUt at right anglbn to the flbares should not be more 
than 7 of the length of the piece, the fibres of which, by their cohe- 
sion, resist the pressure. 

Metals have five degrees of lustre — splendent, shining, glistemngt 
glimmmi^t ws^dduU, 

The Vernier Scale is |j-, divided into 10 equal parts ; so that it 
divides a- scale of lOths into lOOths when the. lines meet even in 
the two scales. 

A luminouM point, to prodace a visual circle, muflt have a velocity of 10 feet to a 
second, the diameter not exoeedinir 1^ incbee. 

Tides. The difference ia time between high water averages 
about 49 minutes each day. 

In Sandy toilt the greatest force of a pile-driver will nm drive a pUt ovet 15 fiMt 

KfcH of^ of an inch in a mile will produce a current in rivers. 

Melted snow produces about I of its bulk of water. 

AH polid bodies become IvmiMU* at 800 degrees c€ heat 

At the depth of 45 feet, the umperatwre of the eartk is uailbno throughoal tlw 
jrear. 

A £^«rm((e«t> candle .85 of an inch in diameter consumes aik inch in length In t 
hour. 

SilUa is the taM of the niineral world, and Carbon of the organised. 

Sound passes in water at a velocity of 4706 feet per second. 



maCEthAKEOVB NOTES. 2fiS 

SOLDEKS. 

For Lead, melt 1 part of Block tin ; and when in a state of fusion, 
add 2 parts of Lead. Resin should be used with this solder. 

For Tin, Pewter 4 parts, Tin ], and Bismuth 1 ; melt them to- 
gether. Resin is also used with this solder. 

For IroTit tough Brass, with a small quantity of Borax. 

CEMENTS. 

Glue. Powdered chalk added to commou glue strengthens it. 

A glue which will resist the action of water is made by boiling 1 
pound of glue in 2 quarts of skimmed milk. 

Soft Cement. For steam-boilers, steam-pipes, 6tc. Red or white 
lead in oil, 4 parts ; Iron borings, 2 to 3 parts. 

Hard Cctnent. Iron borings and salt water, and a small quantity 
of sal ammoniac with fresh water. 

yAINTS. 
White Paint, 

fwMfc Tmiir. OrtiMt wtffc. 

White-lead, ground in oU . 80. 80 

Boiled oil 14.5 9 

Raw oil -*- 9 

Spirits turpentine .... 8. 4 

New wood work requires about 1 lb. to the square yard lor 3 coats. 

I^ad Colour. • 



White-lead, ground in oil, 75 
Lampblack ... I 
Boiled linseed oil 23 



Litharge ... .6 
Japan varnish . .5 

Spirits turpentine 25 



The turpentine and Yamish ard added as the paint is required for 
use or transportation. 

Crray, or Stone Colour* 



White-lead, in oil 


78. 


Spirits turpentine 


3. 


Boiled oil . 


9.5 


Turkey umber . 


.5 


Raw oil . 


9.5 


I/ampblack 


.25 



I square yard of new brick work requires, for 2 coats, 1.1 lb. ; for 
f odatiB, 1.5 lbs. 

Cretan Colour, 

White-lead) in oil . 
French yellow . , 
Jipan varnish . 
Raw oil . 
Spirits turpentine . 

1 square yard of new brick work requires, for Ist coat, 0.75 ; fc 
2d coat, 0.3 lbs. 



MOMh 


UmA 


60.6 


70. 


3.3 


3.3 


1.3 


1.3 


28. 


24.5 


2.25 


2.25 
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Black PaitU {for Iron). 



Lampblack 28 

Litharge ... 1 



Japan varnish . 1 

The varnish and turpentine are added last. 

Liquid Olive Colour. 



Linseed oil, boiled 73 

Spirits turpentine . 1 



Olive paste 


. 61.6 


Dryings 


8.5 


Boiled oil . 


. 29.6 


Japan varnish . 


2. 


Spirits turpentine 


. 6.6 







Paint for Tarpaulins (Olive). 

Liquid olive colour 100 I Spirits turpentine : 6 

Beeswax ...61 

1 square yard requires 2 lbs. for 8 coats. 

Dissolve the beeswax in the turpentine, and mix the paint warm. 

Lacker /or Iron Ordnance. 



Black-lead, pulverized 12 
Litharge ... 6 
Linseed oil 66 



Red-lead ... 12 
Lampblack . . 6 



Boil it gently for about 20 minutes, stirring it constantly during 
that time. 

Lacker for Small Arms, or for Water Proof Paper, 

Beeswax . . 18. I Spirits turpentine . 80 

Boiled linseed oil 8.5 | 

Heat the ingredients in a copper or earthen vessel over a gentle 
fire, in a water bath, until they are well mixed. 

Lacker for Bright Iron Work. 

Linseed oil, boiled 80.5 I Litharge . . .5.5 

White-lead, ground in oil, 11.25 I Pulverized rosin . 2.75 

Add the litharge to the oil ; let it simmer over a slow fire for 3 
hours ; strain it, and add the rosin and white-lead ; keep it gently 
wanned, and stir it until the rosio is dissolved 

Staining Wood and Ivory. 
Telloio, Dilute nitric acid will produce it on wood. 

Red. An infurion of Brazil wood in stale urine, in the proportion of a lb. to a 
gallon for wood, to be laid on when boiling hot, and should be laid over with' alum 
water before it dries. 

Or, a solution of dragon*s blood, in spirits of wine, may be naed. 

Black. Strong solution of nitric acid, for wood or ivoiy. 

Mahogany. Brazil, Madder, and Logwood, dissolved in water and put oh hoc 

Blue. Ivory may be stained thus : Soak it in a solution of verdigris in nitilo 
acid, which will turn it green ; then dip it into a solution of pearlash boiling hot. 

Purple. Soak ivory in a solution of sal ammoniac into four times its wei^t «f 
nitioQs acid. 

THB BND. 
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